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.‘!:‘.!!‘.!"'.‘!'i:‘t and inetiatione for thie vahime viern !wn:\urq-d_ for
publication by the Summuary Reports Group of the Colunbia
University fYivision of War Resenrel: under contract Ok Msr-1131
with the Office of Setentific Research and Dievelopmient. This vol-
ume was printed and bound by the Columbia University Press.

Distribution of the Sumunary Toehniesl Report of NDRC ha
been made by the War and Xavy Departments. Inquiric« concern-
ing the availability and distribution of the Summary Technieal
Heport vaiunes and wnerofilmed and other reterence material
should he addréssad to the War Department Library, Room
1A-522, The Pentagor, Washingtan 25, 1. C,, or to the Office of
Naval Research, Navy Department, Attention: Reports and
Docuinents Seetion, Washington 25, D. C.
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Thir volume, like the gventy others of the Summary Toeehnieal
Roeport of NDRC, has boen written, edited, and printed under
great presser . fuevitably there are virors alich lave slipped
jant Division rewiere and nroofivaders. There may be crrurs of
(act aot known at thiw of pristing. The autha has not been able
o follow hrough s writing to the final page oot
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pripete and foseatod prgrams on the aestranenthies of
watfare, togeiln, aith contiact faciites for carying oat
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NDRC functivace] 1y mtating reearch projeis ot s
qurste frum e Ay or the Navy, ur ot ngueste from an
alhed government tanaatted throegh the $ooeon O
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Iiveenat, panel o Commpttes far peeearch entitracts for
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NDRC FOREWORD

‘X“ EVENTs of the vears preeeding 1940 revealed
<X more a1 more clearly the seriousness of the
world situation, many scientists in this country
came to realize the need of orgauizing seientific re-
search tur serviee ina pationaj vinergeney. Reeom-
mendations which they made to the White House
were given careful and sympathetic attention, and
az # rexu’t the National Defense Research Commit-
tee [NDRC| was formed by Excentive (hvder of the
President in the sunener of 1940, The members of
NDRC, appointed by the Presudent, were instructed
w supplement the werk of the Aimy and the Navy
in the development of the ipstranentalities of war
A year later, upon the extablishment of the Office
uf Beientific Resear b and Developnwent JOSRDY,
NDRC became o .0 its units,

The Swmmar; Technical Report ot NDRC s «
vonseicntious offort on the part of NDRC to sum-
marize and evaluate its work and to present it in
useful and permmanent form. It comprises rome
seventy volwne broko o into grouge eorrespomding
to the NDRC Divisier=, Panels, and Conunittees.

The Summary Techiieal Report of each Division,
Panel, or Comnmittee ix an integral survey of the
work af that group. The fiest volume of cach grp's
report contaffis a sutary of the report, stating the
prabilems presentesd and the philusaphy of attacking
them. and sunnaansing the reeults of the research,
developmment, and teadning activities undertaken,
Some volumes may be “state of the art” treatisey
covering subijects to whicih variois resesich groups
have contributed information. (Mhers may contain
deseriptions of devices develojud in the lniwmatones,
A master index of all these divisional, pancl, and
conunittee reports which tugether conetituls the
Symunery Techaiea! Report of NDRC ie contained
in A sepmrate vedvore, which alse iteludes the index
of & nurroaua revond of pertinent tecknieal labors-
tor reporte amd referenre matenal,

Seine of the NDRC-spmnsored pescarciine which
haa been deelaseificd by the el of 1943 were 1
suffvicnt jajuinr intervst that it was four. -
able to report them in the furm of monographs, ruch
as the «nes an 1ader by Dividion 14 and the mono-

graph on sampiing inspeciion by the Applied Mathe-
matics Panel. Sinee the material treated o them
i~ not duplieated in the Summary Technieal Report
of NDRC. tiwe monegrephs are an important part
of the story of these aspeets of NDRC researeh.

In contrast to the information on rader, which s
of widespread interest and mueh of which is reteased
to the pubiie, the research on subsur‘ace warfare -
megely elnssified and is of general interest to a
more restricted group. As a consequence, the report
of Division 6 i found slinvet entirely i its Sum-
mary Technical Report which runs to over twinty
valumes  The extent of the work of a divizion can-
not therefere be Judged =olely by the number of
voluies devoted o iU in the Sumnary Techinieal
Report of NDRU, aecount must in taken of the
mcaographs and avaiiable report: published else-
where

Diviston 16 carried vm 4 broad piogram in the
ficlds of light and optic . Anons the studies upeder-
taketn were a number involving the principhs= and
techniques of camouflege, and perhape the outstanl-
g sucecss achicved in (his field was the deveap-
wiwent of the “black w2 ow™ hinish for aight-fving
arrernft. Significant Cuprovements were nade by
acrinl uapping aml photogranhy. eviees lepends
ing o0 the ure of infrared Light were Jeveloped aor
the deteetion of enony craft, the teagnition of
fricmdly uncs, amd {or wioneommunieation by voiee
and cude. The spiperscipn, woene amage-fonning
infrared raye. was o spectacular we, pon wineh en-
abled onur troops to fire accurately cn an enemy 100
vanis nway 1 utter datiocss,

The Divis:on 16 Symmary Techaical Rejuat, prv.
pared under the direetion of the Divistan Chikl,
George R Hartivon, describies the techewal achieve-
ments of the Division prrsanmed and its conteactors,
and s n reeurd of their kil integnty am) Joval
cocperation. To all of them, we extend our gratefid
Piaise

Vasxvrean Rusy, Pirecter
fee of Scieahife Rescore’ and Derclopwient
J R Coxax® Chaitman
Natione! Defenar 17 scatrh Comeiftie

el AT ,




i e et o

[ TR

-

. A T oo

FOREWORD

/\T THE TIME of Mts formatien jnte in 1042, Divi-
sion 16, the Opties Division of SDRC. wus
argioned Loth the geneeal task of stimulating and
supervising OSRD researchy in opties and the innne-
diate problem of overseeing a large wutuber of con-
tracts which had previously been initiatal by ihe
Instrutnents Seetion. Ingsmnel: s the new Division
consisted to a large extent of personnel associated
with the Instruiments Section during 1940 «nd 1941,
the reorganigation involved fow important ehanges.

The present Summary Tecimeal Report describes
the accomplishments uf both Division 16 and Nee-
tion D=3, and covers the prineipal developoents in
optics made in Amerien during World War 11 This
riport <hould be considersd as intermedinte in ehar-
aeter between the dewnided coptractors’ reports of
Divicion 16, te wiich referenee is frequently mde
herein which are eomplete seientific reports of the

f
A

investigations earried on, and tine historieal volune
v tath . Opties ars! Aeplicd Phystes i World War
11 which presests a less tehmeal form the aceom-
ph=banents of the Phviston ant its contractors, and
assipne enedit to those wha ok part.

The euttents of the presen vohtinie denaotsoate
nupresaave s the geeal coantibation aade by the
uptical idustry of Jneziea ad e university opitie
cal Bidieaterts roothe war effart While less glrimor-
utte than sotne of e newer fickls hrought into
extstenee during the war, o ies neverthebeas auad
sgtiicnnt contnbutions whish were by ao eans
~upfined e nere extension ot application of vptical
micthmls ot apparatus previo vly in use, Tl strees
of the ciwergerey pnulucesl nany nen optieal dee

velopments, aned the genesis of a haree proportion
of these will Lo found secorded i the jollowing
pages.

The sewnes ol optics cet tov L ptiea mdustre
have both bencfited greatly by e wie sive 1
scurch which took place during the war. Maay of
the new deviees developed under emer zeney eondi-
tions have contiibuted end will contel ute more G
our fundamentabunderstanding of ooties and map:
of them will have peacetime applications, New lines
alomg which optieal resenrch sbouid be ddirected
have been made apparent. In particular the infra-
red field has bencfited greatly, and the art of ine
frarved phospbor developuent and utihzation has
heen clevated to an eptirely new level,

Consideration of the developments in optics, us
in other fickds, emphiasizes that, ome adegueate ime-
medinte defense has been insured, more important
than having weapens for o possabie future war s
having available a barge bdy of trained personned
who enr step into any brenels that aeours and be
available i jrmduce the new deviees that may be
B,

Tiw Optics Divi-in wi NDRC s ispecially in-
stehited to the rhiefs apd members of its Sertions,

S hanwes ane listil at the etd ol this volue,

) have pr\!‘.‘it[ui the vssential lrmlrhhip. [RUTN
tined with seentific knowledge, without wihich tl
work of the Divieion eoall not have been olannea
o conifilet ook

Ge g 2. Hamesox
Chief, Division 16

UNCLASSIFIED




THh BOOK sunrrizes the prselpal activities ot
tae Comwoutlage seetion of Nt = Coa 1623
dvomg Workd War I as they snpear in retrospeet
more than o year after the Seetion ceased to exist
as 1 body and more than cight months aster the
elose of Lostilities, Unlike most groups in the NDRC
organization, the Camouflage Seetion was not pri-
merily coecened with the development of the in-
strumentalities of var b s Lep with techuigues
for their cenceabment, By studyiog the inherent
Hhmitations of human vision, smd by aking proper
allowanee for the effeets of the atiosphere, the e o
cealment aspects of enmouflage have veen redueed,
e st cuscs, toan engineering proecdure. The re-
sults of theswe studes naturnily have kn bnportan?
bearing on the ~oitton of wilitary and naval vise-
bility problerr o0 kB Kineds,

Boeause the subject of camoufiage Lo il i -
time interest, the Neetion war foreed o ereate o
lnige part of its rescarcli tacilities. For the sane
teasol, oscvined pradent 1o eoneentrate the offorts
in a few central Inboratories. A ecntral laboratory
for camonflage fich studic: was established at the
Panns Comfuit Tiffany Foumdation, Ovster by
New York, and many of tie Section’s getivities wene
centered there, Bocayse of the many ;'x-i“; pruln-
lems that anse in connertion with eamoutlage fin.
thes, another central laboratory wac cetaklished at
the Hoscareh faboraturies of the Interelemicnl
Corpuration, New York City. These two labora.
tories, beeause of their prapinguity, supplemented
carh uther very effectively  For example, ihe Blsek
Widow finish, whirh provides cffective antiscarche
light prateetion for anall, was develuped at the
Rewnreh Labweatines of the Interebeanen; Cor
peratian, Inllowing suggestions by the Section Clue!
This finish was sippbed, in ture, (o the Tiffany
Fruieation, wiere ite value was demesstrated by
field tests an > nendel wale

The activitics of the Secthun’s cuntonctors have
bren reeeeied an e AEstaanary contractat’s njarts,
Fleven of theer topuorte have lwen publisheid 1n unie
form fonnat anc Lauling, and each contmine a fore.
wund by tie Sl uhich vxplaine ite relntun i
t o war offinrt. The purpeae ol this Swanaary Tech.
vical Hepeert do o peesent the woak of the ron-
cactors i abeimart furm and o cupply caagh
e winfimating matenal to make the wreults usefuy te

the -\rnwl Serviees, I has been divided into three

narts: the tntire
program;
jrersainel of the rescorebe an the
vistbility; and the dhird is ao aeennt of two proj-
cets that scemed of sufficient naportanee to justily
nnve than the usual summary, neeely, the Yehud
projeet and the Black Wilow proje -t

The members of the Camouflag+ Section were
Arthur C. Hardy, Chief. Mussnehusetts fustitate of
Edwin G, Borine. Harvard Univer-ity;

Hrst i bivad sumimary of the
the seeond an interpretition by Section

cenemal sabjeet of

Technolngy;

Herbert Ko Ives, Beli Tolophore  Laboratories;
Llovd AL Jones, Eastman Kedsk Company s and
Friank C. Wiitmore, Toe Pennsylvanie state Col-

wige. The Teehnieal Addex were Seibert Q. Puntley,
Musszchusetts Institute of Technology: Arthur W.
Renney, B L odu Pont de Nemours & Company.
fne amd Finest T Lassoa. sow with General Ani-
line & Film Corparation. Cunristent with the sev-
cral aspects of eamouflage studies, the personnel of
the Seetion represented widely divessfiend itereas
These interests include optical physies 1 Dunthov,
Hurdy, Ives, Jones), pevehiology (Bonng) | ¢
ry amd chemical engineering (Renney Whitioores,
pl towwtiy aral

fhctins.

wwlenrohgicn] oplies iDuntbs,
spectrophotoietry o Duntiey, Handy, Lamons.

The puddishad history of OSRD eni; be conculted
for 0 complete list of air the many contractors jar.
sonnel who contnbated ta the stuceess o0 the watk
Howover, miention shouhl
perauis whoee contrliglions proved toe he sepecialiv
spertant: Kenneth V. Thimann of Harvand U
verty adeveloped o chlorphyll paint fram plant
Retty T Mesier of Mmesiczn € vavaiad
Cinnpany devehyuxd a canuaBage for water susfa~es
cnginally suggested by ¥ 1 Krops of the same
company . Carl K Fose of the Tif-uy Foumdation
cvmlucted the crnal cxpernpnents on Vehads eam-
onflage and later W Tunmvicae of Dratt. Rexd &
Cimpaany wae 1o charge o) apgsiying 14 cannaifiage
thn BOTeks aoud Yaee )]
e of Interchenueal Corporate
tumatic pholichetne contnd wechaziom for the
Yebud: e, Bdward 0 Denech Claardes A Wee
wv, act Chitun B nmne of the Dt orebennead
Cordstion bt panenus speeinl clectrmse in-
struments | and Davit I MacAdam of the Eastnoan
Keodak Campany designe! and supwraresd tie cone

he made here of errtan

hateniale

i oavy Codonihe
l‘t\‘r!tq'ﬁ'! <0
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struction of thi specirogeograph, Later, MacAdam
supervized an investigation of the viibiiny of coi-
ored targets, and was the author of scveral contrae-
tors’ reperts as weli as Chaprer 3 of this volume.
Willard P. Greenwood of the Tiffany Foundation
opeated the speetrogengraph on all of its flights and
was in charge of the rescarch program which een-
tered about that instzument. Meworotogical corre-
lntions with the spectrogeagraph experuneats wete
proviited by U, A kitord ol tire 1. N, Weather
Bureru, vho accompanied Greenwond on his flights
during the spring of 1944, H. Richard Blackwell
was i charge of the visibility researeh program at
the Tiffany Foundation during the <ime when all of
the data reported in this volume were secured. Dure-
ing the earlier part of the visibility program at
Tiffany, psychometric techniques were developed
by Helen Peak and sien M. Richardson William
F Little of t e Ficetrienl Testing Laboratories
served throughout the project »s x consultant in
photumetry. The speeial apparatus required for the
+ibility research was devised and construeted by
Carl E. Foxs, William Kerhs, Schell Lewis, and
Benjawin Pritchard. The noamographic visibility
charts were prepared by Raymond D Dougluss of
Massachusetts Institute of Technolugy, who seeved
as the copsultant in mathematies o the Tifany
Foundation,

The chemienl pn jects sumntanzed n ths vohooe
were carried out by the stat of the Kescnreh Lab-
uratorics of the Interchemicnl Corporation, dirceted
by Albert E. Geseler. Investigations invalving pig-
ments, ensioels, and lacguers were saiervised by
Fari K. Fiseher, Edmund N, Harver, and P, A,
Heery, Walter C. Granville was in change of spee-
trvphotometne mcasurenser.te amd caleulations, The
synthests am! manufact: . a pilt plant seale of
novel pigrents vore exreutod in tie organic tuid by

Sylvester A, Beully, and in 00 dnmgeiae fewd by
Charles A, Kumins, Problems coneerned with the
paint vehieles were handled by LR, Inele and €0
Rolle. The efforta of all these groups were coondi-
nated by David M. Gans on Lehalf of the Inter-
chemier! Corporation.

The viforts of the “"amoufiage Section were alded
by the laison officers assigned to its projects by
the Armed Forees and by numerous other offiecrs
who, although not officially desigeated as liaison
officers, Jullowed the work with keen juterest und
helped in wany ways. Among the jong list of liaison
officers specia! inention should be made of the fol-
lowing men who visited  we laboratories on many
oceasions, accetnpanicd field expeditions, and pro-
vided invaluable assistance: Captain Charles Bit-
tinger, BuShipe; Commander Dayton R. E. Brown,
Buships; Licutenant Commander David F. Leavitt,
BuAer; Majur Acthur W, Van Heuckeroth, Corps
of Enuincers: and Major F. L. Wwasurg, AAF.
The Seetion gratefully acknowledges the courtesies
extended by the staff Photo ‘Technieal  Unit,
ACFTAC, Oriando, Florida, and to Major John
Larkin, Captain . K. Ruek, and Licutenant 8. T.
Jennings for their seeviees in flying the spectrogeos
weuplt. The adoption of the Black Widow antiscarch-
light eamovflage ny the Unived States and Hritish
Air Forees was due primanly to the effirts of Major
Pad I Hexter, A AF. whu eomineted the original
flight tests at bglin Field and <ubsequently ine -«
duced thns camnuflage messiie in England wod
througnoeut the Paritic theater. The USRD Ofiee of
Ficld Serviee conperated with Major Heater in
hunging 2bout the adoption of the Blacl. Wiiow
finish in all theaters of operstion.

szt . Dusney
Terhnical Akde. Section 183
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INTRODUCTION AND SUMMARY

11 INTRUDUCTION

ON PECEMBER 10, 1€41, the National Defense Re-
search Cumlmttw [NDRC] appointed an ad hoe
Coininittee on Camouldage to “review the status of
caumouflage developments, the research now under
way, and to make recomunendations to Dr. Vanne-
var Bush in regard to extension of the present
rescarch.” The final report ¥ of the ad hoc commut-
‘e¢c hegins with the following discussion of the
Jdefinition of camouflag

The term camouflage cume into use in Frunce during
Warld Wer 1 to deseribe cortrin defensive nisusures made
necessary by the intro. wiiion of new offensive wenpons, prin-
cipally the sirplane nd the submarine. If interpreted
broudly, deceptin: may he voagarded as a synonym for camon-
fiage. The deception may comprise conceulmsnt of the type
exemplified by the protective colomtion in the cuse of ani-
mals, o it may merely create coufusion with respect to the
wlentity or velocity of ihe ohjective (eapecinlly a ship), a
form of camcuflage that is sometimes equaliy «fective and
less difficult of ntininnient. To inclinde all the wmifications
of the subject, camoutline must be understamd to inchnde the
use of smoke setvens, dumamies, and ather deceptive prace
ticws,

Although the detection or haaking of enmonflage i 4 sepe
arate profeaion when considernd with respeet o the methods
empoloyed, it u tlosely relnted in the sense that it defines the
problets of the cimanth wi, who undertakes tn schieve a
concesiment that cunnnt he pearimted. [t s0 happens that
the principal methads of detrction pomew jmjusiabt peace-
time applicatious that hnve fostered their contintiows devel
apment. Camouflage, bring cwentially o wartime activity,
has not Peceived & corresponding imount of attention during
the years of jraces Ad n ronssguence, advanees in camon.
fage tochniques have not kept pace with improvements in
the techaiquen of detection. Beesuse this report is concermed
primarily with the rewearch and development wepacic of
ramouflage, it must orcomarily mirvey the mothods of detee.
tion which are 20w avuilable or ate in the provem of devels
e’

th ite monl slemeninty form, ramonflage umsdertakes to
provide conconimnt stninst detection by the unaided human
eye. Iormum of the wilrsprrad we of photogmpdiy and the
prwwitde e of image-tubes anid other visial auls, howrver,
the rrquircnents of surcewful ronceniment have breame
mor diringenl By oxt aeion, mmonfiage has sumrlimes come
10 mean coarvaitien? ~eninet any method of detreting Thus,
the firing of sevem) gine sinuitagsrously may rovile ron-
cenlment sgnind souad maging; akd the jammiug of radio
signale snay hirde an chisctive {tom rdic detection. For the
puarpone of thie port, rathonfinge i u

concenlment againat deteetion by menns of electromagnetic
radiations whore wayelengths lie vither in the visibie regicn
of the speetrin or su clo-ely najacat thereto *hat the detee-
tor is pot radicully alteved by tie eaicusion of LU wave-
fengith range,

12 RECOMMENDATIONS ¢ T.JdE
AD HGC COMNITIYE

The ad hue committee made the tollowing report?
amd recommendations:

The Committee han fuiled 10 find uny problem: o group
uf problems whove solution appenrs to ‘epend uron s»
erxtension of existing knowledge in the seiencex with which
eamoufiage i concerned. It ix, therefore, unwilling to rec.
ommend that al! rescarck cnd doveloplaent activities be
concentrated in a single research laboratory created espe-
cially for the purj.ose.

Thiz Comtaittee believes, furthermore, thut the nrose-
ention of the war effort ix likely to handicnp the research
and uevelopment progeams now conducted under Army or
Nuvy coghisance becatwe of increasing denisnds on the
pemmoine! in conneeting with both operations and traning
In the maii. apties in its physieal and physiologion] usperis,
photography, amd cerain broaches of chemistey are the
ficldn of science most roncerned in the development of naw
camnonflage techniques, It is common knowledge that there
are many univenity wad industrisl inbomtarie posessing
hath adequate incilities sad compatent personnel in thvee
ficlde, ar:t that these facilivies are nut at present utiliged 1o
ol enpaerty in the war effort. Sinve progress in the impeove.
ment of camouflage tochniqies involves o stindy of o lare
mmut of individual prablone which are technically dissime.
ar and have oaly their major punuwe in rommon, it woukd
o) that the necde of the srmed serviees can best he met
hy an arwngement under which cach problem o closely
reinted groun of probleme cun be teferred for salution to
the proper univemity or unlustrial laboratory.

The NDRC s uniguely ontanisrd to coonfinate setivi-
tiss under the shove recommendstion. The Commities
thersfore eeomimends the estshlishment ar an NDRC S
tion on Camoufligs Tn view of the fael that the NDRC
has wiready omamized a4 Neetioh an Hlumisatina (€°4)
which in voneemmd with the suctumal sspecta of enmosstage,
©e aggested that the Sertion on Comnnfage he c b

ta — .

*The rpunt of the ad hae coinmiltee vontama Ave
npspremndicen of spocial inteeest - Watiny amd Lo intner of
Camnulioge: Camouflage (b olopmonts ads Lm0y,
wignve: - umavflage Do lopmente Pader Navy (Coga.
tner o n'n'r vcbapescinta Under Ciriian (Crgn)
p. See referrnee
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lished under Division €. To facilitat + the desirable linison
between tue two sectiors ihe Chairman of each should
preferebly be made 0 member of the other.

s THE NDRC CAMOUFLAGE SECTION

Upon the recommendation of the ad hioe conunit-
tee, the NDRC established u Camoufiage Seetion.
The new Section (C-8) was organized and, at its
first meeting, agreed thut as a matter of funda-
mental policy its primary concern should be the
camouflage of offensive weapons iships, planes,
tanks, ete.) rather than defensive camouflage against
aerial bombardment. upon which maost previous re-
search cffor: had centered. Although this poliey
ultimastely dominated the activides of the Camou-
flage Neetion, its first efforts were diveeted toward
completing ecertain researches in defensive camous
Aaze that bad roceived the attention of some of its
personnel before the Japanese attack on Pearl Har-
'N)I',

vt Camoufluge Rescurch Before

Pearl Harbor

Before the attack on Pearl Hachor, no researeh in
camouflage wus condueted under NDRC auspices.
This wax not the resalt of an oversight but a delib-
erate poliey which stemned from the elose connee-
tion of certain NDRC personnel with an Anpy-
sponsored eivilian camonfiage research org. isation
known as the Passive Defense Project [P Oper-
ated by funels from the Work Projects A . nistra-
tion, the PHP condueted an extensive progeam of
rescaren i detensive enmonflage. The rscarehes
eneribedd in Neetione 1.3.2 and 1.3.3 were initated
by the PDP and were continied by the NDRC
Camovflage Seetion,

a9 (:Momp'ly" Paint

Wesonveh an e eavonflage paint nde i el
rophy lebenring plar wnterial had heen ronduetead
at Harvarl Pmverity for PDE by Keoeth V,
Thimenn, Promising oesress had been monde on
tins projeet, anet it appearcd thet norelntively sn 4
amount of additivnal work wight produce ) wint
having the «xart speetenl charneteristies of v gota -
tion, Recogniging that such n paint wauld wak « pos.
aible the constauction of deicetionproof cnntnfinge
in vegetated arens, the Seetion placed a short term

contraet {OFMxir-5511 with Harvard University to
ensble Thimann to complete his researeh, The final
results ax cinbdied in Report on The Preparation
and Properties of Chlorophyll Paints*

No military applieation of ehlorophyll paint is
known to have been nuade. This was due partly to
the fact that the procurenent of camonftage paints
by the Army was well under way, ©.ad partly to ex-
perience in Europe and Britain which seemed to
indicate that infrared-bright green paints made of
chromium oxide und kindred materials afforded sat-
isfactory concealment against the detestion means
employed by the Germans,

1.3.3

Camouflage Design by Engineering
" Methods

The course of Workl War 1T in Furope during
1840 and 1941 eansed the Army to begin lnying plans
for extensive camouflage installations designed to
protect key factories and airficlds from bombing at-
tacks. PDP was charged with the crestion of sueh
designe. It became apparent that hoge suwmx of
money and large amounts of lahor would be ex-
pended on camonflage construetion designed without
knowledge of the optieal requirements that must he
met in crler to aehieve sueeesstul coneealiment.
British experience hald shown that trisf-and-ceror
miethads often lead vither to eastly failures or to
needlessly expensive suceesses, For this reason, it
beerme the primary objective of the Phvaes Dong o
ment of PDP to praduee an engineering basis for i
seleetion of enmanfage matenals, This regquired (1
Inbrutory instnuentation, (21 instruments for feld
use, and (3 data on the alality ol atiwspherie
hure to obseure distant ohjects,

TARRATONY INSTREMENTVTION

Infrired Speetrophotoaeter. An antomniie ree
conding phatacleetrie speetraplustoneter 343 manu-
factured by the General Eleetrie Company  wus
widificd by PDP 16 extead its wavelength rnge to
vover the near-infrarsd speeteal region. Subsequently
ot Interchemienl Corperation, n contractor of the
NDRU Camonllage Section, made n ke wedifien.
tivon on its General Electrie speetrophotometer. Dato
weetirend with the latter Saatrument pluyed a promi-
nert part an the reseacchies supervise b the Caa-
Ll Revtion

Infraced Reflectometer. The use in acrinl cameras
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of photogeaphic film sensitive (o infraved %% made it
necessary to evaluate the refieetanee of camouflage
materials in this speetral region. An instrument for
thix purpase war desigred and nearly completed by
PDP. Later, at the request of the Army, the instra-
nert was completed by the electronies saff of the
Researeh Lahorator.es of the Interchemical Corpo-
ration under Contract OEMsr-697, supervised by
the Seetion. The completed reficetometer was set up
in the laboratory of the Materials Braneh of the
Engincer Board at Fort Belvoir, Virginia, Reports
from thut laborstory imbicate that the -ustrument
was in constant use throughout the war Figures 1
and 2 are plotographs of the reflectometer, It has
been deseribed in detail in the contraetor's report

-

Futer 1. lofmrsd oeliesaneter,

ooroanige e neenestte] w0 pivaernind al the windan of the
ntegtating sphire i the upiper renter v the joanel. The ielbninmy
b ombiealad By oan dhusen-tel dmt bt 3t the beft ol the
el Jle antosarnt je ortlctalanew by torons af the e,
It Tube pluns Hhe imeboagiont Jetiite oilaget sTem o huas ting
Hamvenicaues o ohown g Faperr 3

Recording Gomivphotomiter. As viewes] from the
mir, vegetatesd arvae have guniophotatetrie propere
ties ®1® which iffer widely from those of undinary
fint surfaees. To facilitute un investigation of the
corresponding propertice of cansmfinge aterial, an

automatie, recording. photoelectrie goninphotometer
was lesiuned and partinlly completed by PHPp,
Later, at the request of the Army, the instrument
wias completed by the eleetronices »toff of the Ro-

Frevre 2. Infrared reflectometer arranged for trans.
mittanee messaements,

A beanecrater Banpoan the exterior talwe s s by peinn
abreenies ey e el
modeaueter e the smngde. Dl gt teapsnnttast by the sanple
i ealloetmd Dy the amtegiating sphier withon the  jretngnent,
Waen tsed b Vs wov the et annter s s 0 neerae

A meenemeens dhgeetive 1o o o s

etitonety

seareh fabortories of the Interelienienl Corpora-
tion andor Contenet OEN<e-307, supervised hy the
Camoutinge Seetion,™* The completed instriinent
was delivered to the Materinls Luboraeoey of the ka-
wineer Board, Fort Belvoir, Vieginin, The recording
goniophotumeter, shown in Tigure 3. can teaer in a
fow minntes n complete eurve showing reflectanee
e funetion of angle, thas vielding data that foe-
merly required hours to obtain. Typieal curves are
~hown in Figures 63 wnd 66 of Clinptee 5. The insten.
ment isdeseribed in OSRD Report N, 8336,

INsTieMeENTS pom Fitn Une

The Spectrogeograph. The plans ¢ PDE juehnled
a nanber of instraments for fickd measurcients, the
tumt tnportant of which was a speciaplatineter
Gor aerinl use. Although PDP hind beon unable
scviy futuds and meerints to cop et wich =n in.
st tit, the NDRC Cannuflage Seetin placed o
contract (OFEMse-T1T) with the Fastman Kudak
Cumpany, uwnber which o speeinl spestrograph
adapte ! for acrinl use was constiucted. Coie instru-
weat, called the apectiogeoyraph tsee Figure 4), is
deseribiesd in Chapter 8 of this volune and in Repuo?
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Nu. 3444.'" Afrer the war had ended, the spoetro-
geograph was given by OSRD) to the Naval Research
Laboratory.

ATMOSPHERIC SCATTERING 03 Lacuy

Since all eamouflige measures are viewed through
an intervening laver of atmosphere, the effeets due
to atmospherie seattering of light govein, in large

senting tho effect of the atmospleie elong u vertiea!
ight path, wndd the other the effe~t along & horizon-
tal liziit path. The first of these cases is »f impor-
tanee in councetion with the visibiiiy from aircraft,
and the second is typienl of the ease of a ship at -
sen viewed apainst the bevigen See Chapters 4 and
5 of thie volume,)

Both the Army (Projeet CE-24) and the Navy

Frevwy 3. Recunling gemophotometer,

The sl bl aumentnl (shite srctangie, 4y & veice) 8 Blutonates] Wl sy wleectind dngle b e cdbnoin! leatn ol wealulited

bt froam o ween ovaley laop o M tale agawated by the Baed arm thettd

The sapier spaveil w0 Sy degree i iy b stmada,r (he

aetry of sunbight The pigde e pludisctersd ba 0 hpe Pt pdedsclevite el s 0 nevatde atwe (0ghl) sl abe rettoee w0

rinpatern lsuig weoelulatnl with o glinec cggueste ta that b the baiege e the Band i

e

A tvnnling jwn. atirchnl lu the saw atn.

'l prabaes u gudag bt of pamavibetans an the @1 uapsr cuttml bxoa platon frenive) nhed o el el trepert b the

fa T rwn il wiine adee vareiee o lalapry b b oiar el e e itiming srvhanen

. ensupe, the coln tolernne wmouflage ne winee
ments, In onler to estimate e nagnitinde s these
tolerances, BDP devisel nnd built o munbwee of Aaze
bores similnr to the one shown in Figure 5 These
baxes were usesy fur viewing amd photegraphiog e
curately culored seale nuwdels,

Two important phases of the stuly of atinospheric
seatiering tray be separetely identificd: one repre-

-
i

tProject NS- D requested the Crinonflage Section
wiomake A gquattitative study of the sednetion of
contrast due to atmosplorie seattermg. A prelbnee
nary survry of existing cxperiental dnea aml theo-
relieal teeatirents T of wicteardoagneal cisthility odis-
el < both n lack of dats and the veed for further
decelupnent ol the thenry,

A theuretical analysis of the ¢ffeets along a hori-

Qg
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tearw & The <pecingragmpd.

zontar path within the atpwepliere was made 13
(Seetion 2.2.1), and the results were expressed in o
convenient form for use, For an experimentu} verifi-
eation, n series of blick and white targets was
ereeted on the shores of Cold Spring Harbor, Long
Iskaind, New Yorls, at ranges up to 6,000 yards. In
erder to determine the apparent contrast of these

—DAYLIGHT BULD
I

X
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wei b
N
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Buf gt At

Futan 8. Schemhie plan uf the PIN haze bax.

Thee wdrreier o Mokl ol v w0 Seslnl wiih light (uun o0
dhwssermateal Do misite vt Ta trlbvism s o glew plate,
Thor uvmstd o f the cansvalateal stie aqdirdic Bage von bar nfjusied
T weawe b Vhe theeetal  fovmre shvich . Mot tovt we e by
darerey il mmelrl ainlrdd

targets, a high-prreision a-e plutocleetrs - telepho-
tometer was built (8eetion 22.31. Diu,a secured with
this instriment serve to support the  tHeondtical
analysis. Thearvtical aml ey rimental conclusions
reachol during this sty were cnbined with data
vn the perceptun] enpacity of e Jnnan wloerser
Whapter 3) in a scrics of  nonugraphic charte
tChapier &) esperially sited for uee by ships ot
sen it predicting the Joet of odalte o ave!
targets o Lder the full moge of ontdoar highiting
vemiitions .

An expedition was sent 1o Urlandn, Flonda, o

ORASSR-
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secure avariety of data with the speetrogengraph,
includicg data on the vervieal seattering of light.
A B-17, based at Orlando. was assigned to work in
eollaboration with the members ¢t the expedition,
which wax under the direet supervision of one of
the Section's technical aides. By invitation, a vepre.
sentative of the U8, Weather Bureau seeompanicd
the expedition. A laboratory for processing the filin
and reducing the date was set up in Orlando, and
a sevies of flights over a large gray seale aid out on
the Orlando Army Air Base was made up to alti-
tides of 16,600 feet. An analysic of the data ob-
tained durirg these flights enabled the construction
of nomographic charts for predicting the visibility
«f ubjeets on the surfave of the carth as seen from
the air (Chepter 5y,

Reveeenvery 9F Nartvrat. Terraiss

The speetini reflectivity of naturnl terrains was
weasured Hy means of the speetrogeograph (Chap-
ter 51, These Jdata serve two purposes: 111 they in-
dieate inpnediately the proper refleetivity for paints
or uther camouflage materials designed to mateh
any type of tereaing () when combined with data
on atimosphierie seatiering, they cnnble acceptable
toleratees in the color mateh to e preseribndd.
Cameonfiage treatments designed in accontates with
the results obtained under this project  should
therefore evade deteetion by the wie of color filters,
vither visually or photegraphicatly.

Field Studics in Florida and California, In Floe-
Mda, data bt were obitaiad of such tepical torraine
as febly, fupssts of eoniferons amd of deviduons
trees, lakes, rivers, nuals, nirpurts, and the oevan.
The spestrogeograph was then flawn 1o California.
This flight was for the purpose of securing data on
Kimls of termins mt available in the Bast, ospe-
vially desert arvas of diferent tepeos, such as shift-
ing sande, lava bels, dey lnkes, asd brusheeiversd
nrvas: st also awantains, ineluding Both furedted
nesl suowselad peaks

Tux Coton o (eRax Sttuats

Prior to the departure o the expalitian e Flae
wa. the Rertion was frguesicd byt Coonlinator
of Research aml Develupraeat, 78 Navy, to supply
datn on the spectral guntity of light seficcted by the
neoan i the vieinity of «hwals. It was hoped that
such datn mght point the way to tin devehgunent
nf new photugraphic materiale capable of showing

the presence of shoals better than the film usuaity
used for aerial veconnais-anee.

The measurements were made over a series of
shouls which fringe the coust of Danty, Florida, A
Iie of buoys was anchored perpendicular to the
Shoreline, soundivngs were taken, and sanples of the
bottom were obtained. Data on the refleetivity of
the <ea along this course were ootained with the
specteogengraph, both from an airplane and from
a glass-bottomed boat?™ These duta, shmilar in
trend, have suggested severad inprovements in pho-
tographic techniques both in Llack-and-white and
in speeial color phoetography. The data and the sug-
gestions of the Seetion for improved teehniques wire
furnished to the Navy, and it ix understood that the
Navy asked the Eastnn Kodak Company ta co-
aperate in the develupment and testing of new types
of sensitized practucts for wse in surveyiog under-
water terrains,

1.4 Color Transients

Representatives of the Corps of Engineers ne-
quested the assiatanee of the Uimmonflage section
in exploring certain mysterious effcets which were
being reported by eamoutinge artists returning from
Califurnia, where preparations were in progress for
the impending battles on the African desert. [t was
reported that stwndand camonflage materials often
behaved in an unexpuetod manner when seen ngainst
desert landseape, the camoufiage being consideral
quite inadegunte at certain Uns of the day, Per.
wipne! and eguinient, suceessfully camonflaged (eor
miost comlitions in the desert. were aeensionally seen
with vivhl color contrast against a tepical descrt
terrain, Although the contrasts were repuorte) (o
appear at any time of day, thes most cognpualy
webe seh when the sin was low, in the carly morme
ing or the late aftemoan. Tlese color hiunarnts
were ustnlly of short duration. at least in their most
vivid phinses,

Feury C5L M

The reprosentatives of the Canwuflage Seetion
whne cutiferred «th the Ay engineers ronecriung
viw rulor transients expressed the opinion that they
are attributable to ti: ponanl color changes that
aeeur s a cofsequener wf oo Vatiation in the
1y slty of the iBumination. In tw Lope that proee.
shates might be devised for the selection of eatmou.
f-ge naterinle that wonld exlubit a minimam ot

CONFIDENTIAL
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the transient effeet. the Corps o7 Engineers re-
quested NDRC to send a field expedition to the
desert to study the transient phenensan, This ve-
quest hore A N Projeet Control Numbe C1-26,

The cone’ sions reached after the field expelitien
had returned from the cesert are deseribed innore-
jort entitled Transient Color Phenomana in w Dess
ert 1% The conelusions presented thevein are ingens
eral ngreemeat with the carlier o priort opinions,
The report also ineludes recommendations with re-
speet to procedures in the sejection of canoufhage
materials that should result in reducing the tran-
sient effeets to a minimam.

a3 Camouflage of Water Surfaces

A nethod of cpmoutlaging water surfaces tuomls,
FUSCEVOIRS, vkt 1 sers, ¢t 1 by the use of thing seli-
spreading mind selt-F caling, pigmented il was sug-
gesied o NDRUC by the Ameriean Cyanmmid Coms
puny. Sinee 1t was well known that bodies of water
are waong the prineipal visual aids to bonbers in
lueating ther targets, the Seetion explored the in-
terest of the Army in cunouflgie measures fur
water surfaees After heing informally advised by
an officind repuesentitive of the Canwuflage Seetion
of the Engineer Bound, Fort Belvoir, that the sub-
jeet of water camouftage war of definite interst e
the Army, and after A survey of potentind contraes
turs had discloscd that the Anwriean Cyanamil
Company, Stamfont, Contecticnt, was best suitil
to conduet e needed resepreh, an QSR contenet
WIEMsr-T260 was placad with this arganization
Selfespresding,  sell-healing  films conjuosnl of
treated  wudehips were posducel and tested on
potuds tere Figure 81 Later, a powder uf sulfur aml
solestorene was develapel which remains oy te
siirfare indetinitely and forme a selfapreading it
which teay we ol any color, A peied of this mate.
rizl eompletely ohseures 300 s ft of water surface
al an estimatinl eost of alwwit 8 eonte, Thes mate.
rinle were testesl bath on fresh aned salt water, The
rratilte of the experinents ane deecribeal in Repunt
on Waler Camoudoge 3%

han {ancuflage Paints

The activities of PP thoraghly amuaintsl the
Army and 1w o manufacturers of cunwaiflage paind
with the problew of natchivg the spuetral charare.

teristic. of vegantion, both in de visib o rogien o
the speetruta rml in the near infrured. However,
murh valuable resenrch on eamouflnge paints re-

Fiavus 8. The nearhy portion of this pond s covered
byt s seliospreading comonflage fhin. Not the sween-
En aetleenon frony the antreated sorfion of the pand

mained 1o be done in 142, when the NDRC Came.
anflage Section wae organized. The analysis of the
sitiation by the new Seetion showed that:

1. A laboratury should be found eapable of wak-
ing small quantities of speeind paints for eld ex-
perients by other eontractors of the Seetion,

2 Cuangwetent resenrch chemists shoankd be given
ab epportuety e prasliee baprved camonfinge
wterinks,

Substouent disevssions with the Corpe of ngi-
neers Divd taoa peuest Projeet CE-281, called
“Camonflage Paints and Pignents” in wineh the
Arny askesd that these facilities Le provided.

e g, 1o SINrAeY Panary

The Seetion propused that an attempt e made
to rvehiee fran nine to foair the mmnar of ciaminnd
eaneatflage paints spphisd t tnwge in the fiobl
Thie suggestion woe hased on the beliel that any
eabiar i e reguieed ganut eonbl be gevduesd Dy
eixteve bt coloreel aniats, and a et et
cophl be wsied o ertite any dsiee! degree of intra-
1! nefheetanee, A Section member reperted that e
cwnrch un a trimlor palette for acosic By gaemid
e atod by Hae Research Lalvntones of
the Tnierchemieal Corporation in New York Oty
finee Hu rmeeatvh lnlneatoey of this esapany was
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10 INTRODUCTION AND SUMMARY

ane of the fow resenrch groups in the country pos-
sessing speetrophetometrie equipment, u eontract
(OEM<r=897) with tie Interchiemieal Corporstion
was drawn wp whereby this Inboratory eould serve
both + ¢ the purpeses mentioned earlier,

SUMMARY OF ( OMPLETED PAINT Proseets

Throughout the aetivities of Reetion 163, bi-
menthly summary reports were issueld in aceord-
anee with NDRC poliey The Inst report has hean
used as o pattern for the fellowing simemey of the
camouflage paint projeets compivied by Seetion 16.3
of NDRC. In all cases, the projeets are fully dis-
cussed in the eomrenctor’s report.™

MaTre SUrkacE PaiNrs

Light incident upon natural terrnins, such as
prasslands ane woodlands, s mostly trapped by
the wxture” o the suriaee The sl fraction of
light retleetsd from sueh terrains bas o gouiophoto-
metrie distribution quite unlike that of painted sur-
faces. Thevefors  camoenfluge treatisents often in-
valve elaborate texturing proccdures sueh as the
ereetion of flat tops havimg o texture introdueed by
garnishing. At the instanee uf the Seetion, the Inters
chemital Corpuaration evolved o method of pige
mentation spabling o paint to be produesd having
eadorimetrie and puniophotontrie propertics ape
proaching these of nataed termins, Beeause uf
spretad interest expressaesd by the Canontlage Section
of the Engineer Boanl, Fort Belvar, Virginia, sea
green paint having tine appearanee of a textunsl
oielaer stieh ne grines or moss a paint of the new
iy wae developuad which possessss many of the
temiresd upticnl properties (Seetion 34300

Eat Lap sy Panys

The desirnbidity of elucing the shipping weight
and balk of generald atilite cnmonfiage paints for
B bt v has Ievp reeognizel by Hhe developarnt of
paints cinplaving an eoalsifiable, elorvsinae vebi
cle tha! ean e thinnesd i che Behl, vither with water
of with gasobine. When the Canuaillage Seetion of
NIMUC was wrganized, eoibifinble paints were eaty
hegantng te bee useed extensively, and many trables
were eneotntensl. AL the requeet of the Engimse
Rl at Fur Bedvear, Virgintz, tawe Section had the
Intervhemieal  Corporation investigate the e
lupieal progpertics of pgmentol cinnlsinne, Satisfar.
Ly cnmlsihable painte are s bring suppliod 1o

the Ated Forees g conformity with present Army
specifieations ™™ '

Pant CoNCENTRAIES

The Interchemient Corporation foraulated  a
paint that can be shipped i pewder fora and mixed
cither with water or with gasoline, {f mixed with
gasoline. the paint i+ veadily removable with gaso-
line; and, conscquently, ean be used where tempo-
sy, castly removable paiits are desived. The Mate-
hus
adlvised, however, thet the advautiges to ne gained
by a powder puint of this sort are not great epough
to warrant their substitution for the cmulsitinble
paints now employed by the Serviees ™

FOLIAGE=-SIMULATING PIGMENTS

Most commen zreen pigments, which appesr on
visunl exiumination o mateh the eolor of chloro-
phyll, are open to the objection tha eamouflage
wsing thews is redily detected by infrared photog-
ruphy. This diffienlty ean be et by usng paint in
which L el s usedd e coloring mate
rinl 13eetiam 12 However, before reeomnwndhng
the fargeeseale development of suel n paint, the
Canyithagre Setion seldressed letters to all the prin.
cipal namnineturers of colored plaments amd securad
appraximately ane Idred samplies for spectroplnee
tometvie anndvele These samples were ewdieed aml
tetedd winder standant procadures Gesignesd to evals
unte the rebovant optieal properties amd the pon e
neney of the pigients. The reanits of e tests arn
preseptod in the final report of the contractor '

TRAMPEMATY RE-SENSTIVE Prouess

Materinds exhituting reversible enlor changes in
reapranst to changes in teigueratine might have wees
wm camenflage paints. For instanee, a paint whicl:
changes {rran dard gren towhite within the rangs
of tempwerature berwsen sumner aml winter laight
fined applications i eertaie Batnades. A survey was
e of trapwraturessensitive minterinls, the meehs
anism of culor change was stidicd (0 sperifie aees,
sl new matenale were synthesized which exhibit
semperatuncesensitiie paspertics Effiette o leervase
the tempernaure ronge i which the colur changes
fake plice wene weuer cesful 4>
Cleo T aiaek Aniksive

Netural mateniale avodlahic it the feld are witen
ua ful for enmarflage pureiers. To cover sinanth
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surfaces with materials sueir as dint, leaves, grasses,
ate., an adhesive s requived that is water nosdstant
yet readdi’y removable, caprble of being modified to
siit the tield conditiors, wwd readily availuble, At
the instance of this Seetivn, a material was formn-
late that i taeky, water resistant, and inexpensive.
This materinl enn be thitned with gusoline to the
appropriate consisteney before application, and its
tackiness can be controlled by the addition of eyi-
inder otl or erankease oil. The adhesive ean be re-
moved with gasoline!™

CrLaray Proseer

Seales and reticles of optical instruments for tire
control and other purposes are often ituminated by
an integenting eavity contaimng a small buop, In
el eavity, o white print retlecting 98 per eent
ix twice ns effieient a2 one vefleeting 96 per eent, al-
though this difevevee in refleetion factor is tarely
diseernible when th two paints are comparst vis-
ually. The Nuvy Bureau of Onlnanee sought adviee
from this Neetion coneerning the possbility of se-
curing white paints of higher refleetivity than are
cummmiereinlly avaitable, The Interchemieal Corpo-
ration wae known to have experimented with a
materinl enlled Claray, which s a refiertanee reln-
tive to magnesium oxide of 85 per cont. Subsequent
work produecd o product having o reflectanee of
88 per cent; and samphs were furnished to the
Burcau of Oninance amd chewhere 'Y

Corvnix Paixy

A new type uf black pigment that reguires no
fintting agent was developed amd incorporated in o
paint whiel: i extremely motte aml which voflects
only 2.2 per eent of the ineident light insteml of the
4 or 8 prr cont characteristic of standani-ty e matte
Yinek paint. This print was tested ws an antiseanch.
light canmoufinge measure fisr aireraft, hat was found
to be less offective than the antiscarchiight entwr.
finge decribed in the next parageaph. However, it
appears thee this “eoffin paint” way be useful in the
simulatitin of shadows on the ground, and at the
request of the Materinls Bneh of the Engineer
Board at Furt Belvair, Vieginia, informntion was
furnished that would enable an Army proctivement
sperification to be wiitten '™

AXTIEAR HLIGNT (CAMOUFLAGK

1t in & fact of conranon expericnes that eoen black-
painted airerafl lock white when canght 1 ssarck-

light beams. "U'he inference to be drawn from sueh a
statoment s thul, i the visibility of aireraft is to
be reduced, there must be a reduction of at least an
order of maguoitude in the diffuse reflectivity of
convencional matte hluck finishes, Sueh a ieduetion
has not been found possible with a matte surface,
but it has been aceomplished with a glosey surface.
A glossy black enamel was developed, whose dif-
fuse refleetanee is less than 0.3 per eent. Maodel
tricls at the Tiffany Foundation and Serviee tests at
Felin Ficid, Florida [see AAF Proving Ground
Command Report Sericl No, 3-43-111 AAF Roard
Projeet No. (M=D 17| indieated a high degree of
sieeess in renedering the eamoutiagéd plane invisible
in searchlighe beams and in making it extremely dif-
fieinlt for senarchlight operstors to fix ond hold on
the plane, Orders issued from the commanding
peneral, AAF, required all Ul 8. nighe fighters to
use this camonflage, and procurement speeifieations
were stbsesguently issued by the AAF Materiel
Command at Wright Field. At the request of the
Army Air Forees, specialists were sent by the OSRID
Office of Field Serviee to the Fifth, Elevonth, Thie-
teenth, and Fourteenth Air Forees to supervise the
application of this finish, The Assistant Chief, Mis-
cellancous Seetion, Proving Ground Cominand, su.
pervised the appiieation of the antisearchlight eam:.
eiffage to aireraft of the Eightl Air Foree in Fog-
Tand and demonsteated it to the RAF. He alse vise
itesd all U R Army Air Forees engagei in the war
with Japua, where he intrudueed antisearchlight
camafiage amd supervissd s initial application.
Tests of this camouflage measure were cuducted by
the Navy Departnent, Burean of Aeronauties, at
the Naval Air Station at Patuxent Raver, Mary.
land. A final repuut, Teats of Jet Paint Night Cam.
ouflage, concuts with the favurable findings de.
sersined in the Bglin Field report, and adds that the
antiscaechlight raviuafiage 1« never more Visible
thai s matte black under naonlight ¢ starlight.
The Black Widow fintah, ns it enine to be called,
was wirlely used tuth in the Enropean the "er of
operations amd in the Paciic war, 1 ic understond
that ins canpaflage wae adopied e prwduets - Sy
the RAF during the ciming months of the war and
that during the snme perisd B-29' wore being pie-
dueed with Blark Wadow Banh. i 5 further s ader
stiaxd th~ he Army Air Foree: have isued stand-
ing cnders that all military combal aireralt, includ-
ing uth fighters aml bombers, intemnded for night-
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time operativn shall be equipped with Black Widow
finish, Chapter 7 of this volume is devaoted to the
Black Widow projeet™

SELF-LoMiNovs NiGHT CAMOUFLAGE

At the time of the reorganization of NDRC, an-
other section of NDRC had proposed the use of wclf-
luminous paint as a means of enabhag aireradt to
match the brightness of the night sky. ¥xploratory
conversations  with  Army  and  Navy personnci
evaked only slight interest in this project, presam-
ably beenuse it did net appear feasible to combine
the charactertstics of a seif-hininous paint with
those of the antizearchlight paint.

131 Camouflage Detection

Biroean Goai ks

Dichrote § ters were developed during Workid
War | u~ a means fur differentiating actual foliage
from eamoufinge materials of the same eolur, Such
filters can -ause folinge to uppear rel. whereas or-
dinary green paints setmin green, Flies ordinarily
dislike wearing dichroie goggles beeane so mueh of
the land surface is coveral by vegitation that the
apprarance of the earth from an airplane is un.
natural. On the other hund, unlosa dichroie goggles
are wamn coniinually, a perid of time s required
for the eyes to adant themselves after putting on
the gogeles, due tu their low transmittunee, Bifoesl
goggles with a dichnoie filter in the Jower hall of
the lens and 3 neutend Rlter having the samwe tans.
wittaner in the upper half were pruiacd by che
seetien in arder that thise ey b worn roniine
ually wmi the dichrote {vatune mny e instantiy
hrought into use at any time, A number of sich hi.
frbnl dehroie goggtee wery wiade avallable e
mirtestetl Army and Navy pwesonnel.

Urtieal, At pom 38ir DR inx oF No Raemcis
FURMARIXES

\ the request of the Navy, the Section hae tee
vrwed all available optical aids for the detection
of cubucrged sulunarines. Twi acries of sneeal
filters hasesl o4 the known optical preperties of wa
water have hoen oltnine! Oine senies s intemdnd 60
mnerease e roptrasd of o submengisi algoct that e
darker than the sa bencath it while the soronid
seties of Gltirs be ilriad Lo wtvase the apparent
contras® when the sulanerged abjort ie highter than

the e beneath Chese filters e been mounted
speeini goggles containing rotatable pelaroin sereens
and provided with mesns for limiting the feld of
view in order to reduee the glare from the sureonmnd-
ing field. These gogglos were tested by the Navy,
aned it was conelided that tiey did not produce a
suflivient hmprovement o the visibility of sub-
merged eraft to warrant their adoption, in view of
other methods of =ubmarine seareh now availabb.

. Laboraiory for Camouflage

Field Studies

In the belier ther faeilities would be requived for
making caneuflage studies i the ekl the Cuann
flagee Seetion plaeed o contenet 1OENEr-39T1 with
the Lonis Comfort Titfuny Foundation, {ivster Bay,
New York, Actinlly, this contraet served oniy to
defray the speeind operating (xpenses of sueh fickd
experin it=, for the Tiffany Fouudation gencrously
puve NDRC the nae of its 8aere estate on Cold
Spring Harbor without enst 14 the Gavernment. An
art school during the yoars of greace, the Tiffany
Foundatiom faced the prospect of having its fneili
ties e unused during the war, It thernefore, offered
thet first to the Navy o Jater to NDRU. Adter an
inspeetion of the estate jund edieated that the
groimde at Oxster Bax offored an admirable loeation
for camontlage fihl Stidies the gboveanention: |
vontract was hegotiated

Fastonms or e Tierany Fooximpon

The Bearne vetate bonlering on the shore of Calil
Spring Hardmr contains a witle vaticty of terraine,
inclling potubs, lnwns, atd woewled B30 Adjacent
tu the yreperty o the Faunedation lay the 3-aers
veipte of Charlee Tilfany. whe gencnmsiy pweemittel
verinin tests o dwe performed i die laed when 3
provrsl W b anene suitable than ary owsieed by the
Fuimlation, The studio ikl g, which bad 1evn
wertipise] by the art echool, provided ample living
and norking facihitne (or the sxperizents reguire’
by the Seetuy The anngor jurtion of Fhe eeearches
dearritaalin e vt wre pevinimd e s

Ver my e Ansen Fosaa »

v several aeencaene L st 0 e Ty
Lo satnee were masde avatlabie o the Al
Foroes for apevial teste, The flloning ease o an

raanple
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THE NDRC CAMOUFLAGE SECTION 13

decognitwn Threshold of Viorad Lights. The
Navy Bureau of Skips requested this Seetion 10 eul-
Laborate in a study of the distanee ut which the eclor
of coiered lights con be recognized at mght umler
conditions «f poor visibilty, Colored lamps pro-
vide Ehy the Navy were set up on the shores of Cold
Spring Harber. The lights were viewed from 3,660
vanls by a group of Tiffany observers on derk
nights under weather conditions such that the range
af visihility was considerably restrieted. The inten-
<ty of the hghits wae vired i aceorganee with in-
structions commumicnted with the aid of pohiee rulio
cars. .\ report incorporating the results abtained
during these experiments nas been iosaed by the
Rerrae of Ships,

e Ship Camonfluge

Wakk CaMaot phwe

Fven ot how spevl, o motor torgeedo baat s ean-
spicuous beease of its bow wave and wake, Experie
nents eoimdueted informaliy by the Auerican Cy.
anamidd Company have indicated the fersibility of
spraying suspensions of carbon black from bow and
Mern in such nowanaer as to coheenl e white

water. The Navy Depar taent prechased the cipnp-
ment for further teses, and ashed tais Seeticn %o
consiier the possibiiity of using the Tiffany Foun-
dntion at Oxster Bay as o hase, Investigations dis-
closen o nenthy boat yara wheie PU boats re-
ativntly are repatred. The Seetion reported to the
Coordinators Offiee that it had suitable facilities ut
W disposal, and indieated it wiltingness to under-
take the tests. However, a request for this work was
nov miude by the Navy Depertiment and work on
this projeet was not begun,

MaoneL Trinns

The Bureau of Ships reguested that observations
of ship enpatinge lue mnde ander natarad antdoor
comditions on ship nusdels in order to st the relu-
tive werits of cameuflage designs, Two dertie
2U-1o0t eruiser tde b CFigure Tr were dedivered by
the Nuey o Gie Tilfany Foundution at Ovster Buy
where n bathouse and a marine rilway weee con-
structed. At 2 short distanee from shore, a plarform
war eteeted from which o ohecrve the models
thraugh an invertid periscope 1 arder o siulate
abservations from o sulnnarine The periseapue aml
a range finder were supplicd by the Navy, amd in-

X '!‘ < \..'95-'. b. ‘ - ; ‘ :
R T e TR G Rove
2B T\ w s, > A % ran S o AT,

Futon 7 A 30 ooy pmshd weesd i el Speng Harbew
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struments were procured tor deterinining the me-
tearviogival cenditions, ineluding the visihility, at
the time whservailons weve e, A sern of ob-
seryations resuited e the conelusion that the evunter
shading of contained shadows 12 ineffeetun! in the
cuse o0 a medinn-gray ship observed dowe-sin ip
clear wenthet, Followmy the destruetion of the obi-
serving platform, the boathouse, wnl one of the shin
wudels by a tropieal hurriezne, the Burcan of Ships
recommended the tenination ol this projeet,

Late The Yehudi Project

When thic nietice of German submarines to ollial
Atluntic shipping constituted one of the major prob-
lerss of Workd War 1 vhe Crapoutlage <ection wae
pejuested by the Dweetor of Pechnieal Serviees ot
the Army Air Forees to devise a methud of entuou-
flage whieh worhl vinbic g seaoscareh winvieft o
approach vitinn 30 seeonds” Bving Y uf a sure
faesd submnrine before the | tretaft became visible
G members of the Uobont erew. Such an sireraft
wian Hying at iow clevations over waler appears
durker than the «ky bachgronmi, cvin when painted
white, Caleulations showed thae e power roguin?
tu climinate the contrast by fusdiighing the plaoy
is prohibitive,

The slution to the problon prgeeed Wyt
Canwuflage Seeting imvulves the installation of au-
tonmbile headlights, or the cquivalent. in or near

the leading edge of the wings nnd in tis fuselage
1t was pointed out that s miniinum arount of power
would be reguired when the headlighies are designed
to inclade the smailest angle cotsistent wich the
pitehing and yroving of the planc.

Froseer AC-45

T response to w foron! reques from the Ariny
Air Forees £ AN Project Control No, AC=-45, the
Section intruete! the nburatory group wd Tilfany
to explore ‘e suggested eanwouflge e, The
first experiments were at model seade, it later the
principie was testod on g full-sende model of & B-24
atplane, The Yebudi project w it ewme to be
called, s desegibed in detads in Chapeer o aad i
three contraetors’ reports which appeas in the mi-
erofiim supplapentU 5 #8 The deferaaaen obe
tnined by the contractors enabled the Armyv Air
Furees T design aisd distall Yehudy camonfiag on
n 1324 Dombeer, Figures K, 9, an:d 10 are Aoy Air
Forees photographs of this installation,

Puasrer NA-188

¢ amondug: of @ Torpede Bomber, Section 163
war nueted By the Navy to assist i applying the
Yohudi cametiflage prineiple 6T RE torpedo bomb.
vrs The first tight Wt of u TRE su copuipasd wsea
etiniied favorahh A tion, Furtluwr Hight tosts -
sultad i ngprevenwents i the mljustnent of the
Squipueeit ol in the techaigne e fer s wse, Jtds

From A 120 bosdn e cquippest uitis Vehuadt earmonltags { Arms Au Fitvre 3 dustegyagdh §
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Frivse 90 Yehuwd buvgs wonnted in the leading edge of
photograph »

o enetiderstiod that under conditions such that an un-

camouflaged plane was visible at about 12 miles,
the plane equipped with this eamonfinge coubd ap-
proach to within 3,000 vards without deteetion,
even when its approximate location had been indi-
catc:l by an necompanying “contrel” plane,
Camonflage of a (lomb, The Navy later vee
quested Neetion 163 to design and install Yehudi
enmouflage on the LBE Glamb produced by the
Gould Aconautieal Division of Pratt, Read & Come
prey, Incorporated, Deep River, Conneetient, An
<~ RD conteaet was placed with this company in
order that one of the experimental LBE Glombe
heing butlt under a Novy contruet might be fuetory-
catipped witer Yehudi camoutlage, The end of hos-
tilitiea with Jupan cpused the Novy te terminate
the contract under whieh the Glombs were heing
tnilt, thus making it inpossibie for Pratt, Read &
Conmny to complete this projeet. 18ee Chapter )

ERY Visibulity of Turgets

(n Deecetber 30, 1942, the Neetion et to discuss
cnmonfluge problets of interest to the Navy, This

the wing hetween the motor nucelles. (Avmy Air Forees

meeting war attended by Navy offieers from the
Burcan of Ships and the Burenu of Neronaties
who were interested in the viability of ships and
of nireraft, It was the consensus of )« Seetion that
it woulld be pamsible to combine exirung informatiun
on the peivsptual capacity of the human oheorver
with the known laws of ntiosphierie apties in sueh
nomanner that chuets and tables £ indienting the
virihility of naval targets conld be prepared. Ay
conference ealled by the Navy Departinent in
Washingten, the Seetion Cluet was nsked o nnider.
tuke the preparation of such n set of eharte nnld
tubles. The Navy tonunliged it= aetion by request.
ing NDRC, under A/N Project Contral Noo NR- 147
(Ship Camouttuget, to undertuke the stndy o the
visibilty of siipw froms oder dups, shipe from
planes, planes frong other planes, wnl planes fran
ronis, Fhe request wes cidamsed by the Burean of
Nhipa, Burenn of Seronantics, and Rurcn of Ond-
naner, the et weguesting that eonsideration he
given be the effoet of the wse of bineeolnes,

Aftes o wenreh vl the litersture hasd disg sl Yt
wapiie cata on the pereeptunl enpacity of the Jusan
ohserver were not availnhle, a Inrge-seale program

CONFIDFNTIAL




-y T

P Lo L AN

e .-

B . 2 B N P

16 INTRODUCTION AND SUMMARY

Privns 100 Yehwub b - in steenmline kousings suspenaed helow the wing. ‘This method of mounting was fomd
to be permussible on the onter portion of the wing. (Arm: A Forees photograph.)

of visibility reseat=h wae initinted by the Neee
tion 5= 83 Chapters 2, 3, 4, und 3 of this volune
present u collation of the results of thoee researches
by the Section and its contractors which now enable
the visibility of targeta to be predicted,

0 ORGANIZATION GF THE SUMMARY
TECHNICAL REPORT

As eaplained i the preinee of this volime, wnest
uf the projeet< which have oo deseritad n the
furc going summary have been completely diseussed
e v gt of contractors, However, the research

on the visibility of tavgets wax x Section progoum,
tie countractors being requested to obtain certain
apeeifie data, Responsibility for the divcetion of the
reseureh was assutied by the Seetion, and Secoam
prrsontel collated the results after the eontractors
had finished their work, Sinee this syothesis does
not appear clsewhere, it s preseated in foll in the
following four chapters,

Two atreraft camouflage weseures, the Yehu o
project gl the Black Wishaw projeet, nre hedieved
to be the outstanding catnontlinge contribatiops of
the Reetion, Chapters 8 and 7 are devoted to more
detailed aeeounts of these messures than appenr
n the longoing sununary,
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Chapter 2
THE SCREENING OF TARGETS BY THE ATMOSPHERE

2 INTRODVICTION

LL CAMOUFL.GE measurix are viewed throuzh a
.A veil of atmospheric haze which, by reducing
the apparent contrast of distant objects, aids the
camoufieur in making 2ven Iarge targets invisibic
This subject falls naturally mto two categorics
which will henceforth be referred to as visibility
along a horizental path and visibility along o stunt
path, respectively, In the forner category Lic most
problems of <hip eamouflage, including the impor-
tant case of visibility through a periseope, In the
second category are the many problems of 'camou-
flage against serinl obrervation and photographic
reconnaizsance. T basie principles are the sume
in both cases; but, because of the stratification of
the atmosphere, the resulting laws are somewhat
difforent. Vigibility alang a horizontal path can be
regarded as a limiting case of visgbility along o
slant path; but the horizantal ease will be treated
independertly beenuee it affords a simple illustra.
tion of the principles.

32 THE VISIBILITY OF OBJECTS
VIEWED ALONG A HORIZONTAL PATH

If a large, nemrby, white objeet illuminatet by
full sunlight 2 viewwl agninst the horison =Ky, il
usually appears bright in comparison with its xky
background. If the distance between the object and
the obwerver i» inervased, the contrast between the
white ubject and the horizon sky deerenases, Indeed,
at some range, dependent upon the state of the at-
mosphere, thiz contrast iy fall wo low tha! the
objeet is Jost from view, even though it still sub-
tencds a large angle at the eye of the ebserver, The
anjeet winy e vaidl to be obsrured by hage.

Far exnmple, imagine sister shipe, both painted
white, viewed from such a vantege puint that one
i» seer nenrby amd the other ot a considerable dis.
tanee, 1f there in & slight hase, the distant vessel
way appeat but siightly brighter than the »ky.
Since ihe apparent sky backgroumd is ideatical for
the two vessels, it is ovident that =ome of the light
refleetedd by the more distant ship has been atten.
uated in passing from the vessel th the ubeerver,

Tu the cuse cf black vessels, an opposite type of

chiunge takes nlace The nearer saip appears very
dark against the sky background, wherens the ship
seen at a distarvee is bat slightly darker than the
sky Sinee the sky background is the same for both,
it iv evident that the distant ship appears brighter
beeause of light seattered toward the observer by
the intervening air. It may be inferred from these
two limiting eases that two processer are taking
place simultancously within the atmosphere: (1)
light refleeted by the target is gradually attenuated
by seattering mnel absorption, and 12) daylight is
senttered toward the observer all alung the line of
sight,

221 Quantitative Relations

The uppenrance of a distant object is governed
Ly the balanee between the trans mitted fraction of
the Jight originally reflected from the objeet and the
spiee light contributed by the intervening air. An
insight into the relation between these components
can be gained in the folloving nmanner:  Asstne
that the object in Figure 1 has a brightness B, in

Frvar 1. 8ee text fae cxplanat “n.

the dirvetion of the observer. At some distance »
wagine a parsblelecided fat tamina of atinosphiere
havitn 4 thickiess dr 9 be loeate! porpendieetaty
o the aoe of sight. Denote the maount of light tin.
clading both the tranemitted component and the
space lightt incident from the left on creb unit
arca of e dunina by (. In passing througn dr, the
Attepantion is progartioeal to the ameunt of hight
present, the constant of proportionality 3 heing
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20 THE SCREENING J)F TARGETS BY THE ATMOSPHERE

called the attenvation coeffivient, Thi: coefhcieni ac-
counts for diminut.on by absorption as well as for
liminution by scattering,

In prssing through dz, the light t is also aug-
mented by e space light contributed by ihe air
withiu the lamina, as shown by equation (1) ;

dt )
'—1—5‘—-——“+(q. (A,

where ¢ represents the luminous densiry at the lam-
inu, and @ is the fraction thereol that is seattered
each second through the  right-hand  boundary
(Figure 1) *

Equation (1) can be integrated along the line of
sight after it has been rewritten in the fotm of equa-
tion (2).

. \ v
e = dr 2
ay -~ gt
g, “
In equation (20, B, ix the upparent brightness of the
object when viewsd from o Jdistanee XL The result
of the integration s shown in cquation 3),

e — dly _
a — l"l'.. -

Fuguation (3) may be rewritten as follows:
B, = (";’)(1 --r"‘-\') + Bt
i

The apparent brightness of an objeet at rimgge N
i xhown by cquation 141 to he the swy ol two
terms; the first represents the spaee light euntribe
uted by the nir between the target and the ulserver,
and the secoml represents that feaetion of the hght
originally leaving the target whieh i< tragsinitteld
hy the atmosphese,

n AW RY)

Ormieas. Favinmen

Tt will be notesd fram equation 11 that whenever
ft=aq, dt;dr =0 Henee, under these cireams
stances § han a constant value that does not depend
upan X, In other words, when the light inevlent
from the left on the bunina i Fhgane 1 has tla value

of,
= "',
“siner B nad 2 mav he funelaae o)l waseb ngth. sguation
(1) be atrwetly 1t ue only itsthe hght s monochiomatiec The
expenimentnl reelts dovcnibed in Section 223 and the revite

of other investigailorn sey o #nm(y the wse of rquation
(1) in thsereing the setvening of Lagets by the atmospherr

(1-1]

the atienvation by the lamina is equaled by the
added snace light, so that the amount of light emnerg-
ing thratigh the right boundary of the lamina (Fig-
ure 11 1 alse £ Tuis condition has been ealled op-
tical equilibrivm,

The Brightness of the Iorizon. In the special
ease of u optieally homogencous. atmosphere, by
which 18 meant an atmosphere waerein p, o, and g
have the sae values at all points along the line of
sight, an object having an inherent  brightness
By ==t will appear to have the same brightness
when viewed from any distance,

Under optically homogencous atmospherie condi-
tions, the appareut brightness of the sky at the
horizon in any given direction is not changed by
moving toward the honizem or away from it. This
observation implies that the brightness of the hori-
zon (By) is the cquilibrium value ¢ that is,

aq

By — g (6)

Thus, under optieally homogencous atmosgherie
conditions, the brightness of the horizon sky is de-
termined by o, g and g in neeordanee with equation
th). A dizenssion of the brightness of the horigon
sky upder cortuin types of aptically nonhomoge-
neons atimospherie conditions appears in Seetion
224,

Ertent of Optical Equilibroon, An estiiasate of
the length of the path of sight doug which optical
cquilibirim may be axstoned ean be obtuined from
calertlations bused wpom erntion 14y, The result
of seeh o calenlation. assuming & homogencous
stunedur] ntomphere (Neetion 2.3.21, is shown ip
Figure 2, 1t will be notedd that the region of optiea)
copilibrium nccupics w range of any wiiles, several
ties the meteoralogiend mnge (Seetion 2.2.5),

APPARENT BrighrNess o Distant Onsgers

Under optically homogencor atimospherie condi-
tions, the apparent brightness of u distant objeet is
given by paation 171, which was ohtained by syh.
stituting cquation 161 in cquation 141,

By zo By 1 a0 8N 4 e #Y, g

The Tramamitiance of the Almoaphere As hins al-
ronely boon stated, the term Hu 27 o0 oquaiio, (4)
cperesetits that jortivn of the light uriginally leav-

ing the tunget which is transmitted by the atinos-
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Ficvag 2. Apparent sky brightncws along a path tangent to the surface of the earth on a very ciear day when the

inetecrologicnl ruge (Section 2.23) is 60,000 yards.

phere. The transiiittance Ty of a path of leagth X
15 therefore
Ty = en\, (8)

The uttenuation cucfficient 3 can be determined
with the aid of cquation (8) from mensured values
of Ty. For this purpoee cquation (€)1 can be ree
written
i<} I 1
x MRery

A phntoeleetric tranamissomedes {or wensuring 1,
has been developed by the National Bureau of
Standards

The transmittance T of a unit distance tmile,
vard, ete.d uf atmosphere in dinwn by equation (8)
to be

'ﬁzz (9

T =04 10)

By sulmtituting cquation (10) in equation (7}, the
latter can be written

Be= Byl = T%) + B,T*. an

122 The Attenuation of Contrast

Within the region of optical equilibrium, the
Lirightness of a distant object enn be emputed by

means of equation (4}, provided the brightnese of
the vbjeet at gero range and the atmospherie atten-
uation coefficient are known. However, the effeet of
atinuspherie seattering on the visibility of distant
targets can be represented more rimply by rewrit .
ing wjuation (4) in terma of the contrast of the
ubject against its sky background. Let the apparent
contrast of n target seen at a distance \ against a
backgraind of horigon sky be defined by the relation

Cx:".""’;—”n".

ud
Nimilarly, lot the inAerent contraat of the target (as
sceen hearby) be defined by the relatiew

- 'ﬁ.,;:”“. 1

As n cunsojuence oy the farcgoing deanitivng, (e
contrast of dark tatgrts can never cxeeed minus
one. while the contrast of bright targets is unlim-
ited. As will be shown in Chapiv, &, Jo=t Lot
and bros turgels of the rame size and having nu-
merically cqual apparest contrasts are cqually
rimble.
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Fuiver 3. Varintion of apparent contraat with distance {or targets acen uguinst a backeround of horizon «kyv on o

dny when the meteorologien) mnee is 12000 van!-,

Futvun 4 Sketch of Cobl Spnng Harbor, Long s
latul, showing the lwation of targete

By substitution, vquation (7} takes on the fonm

Cy = Cprdy, f1h
Similarly, cquation (11 becones
Cy=,TY, A

Eajuntion 140 stutes that the uppsrent contrent
of any target, bright or dark, = exponentinlly ate
tenuatesl with listance. This is ilustratisd in Figure
3. which shows the cuntrast attenuntion with dis-
tanee fur both black aml white tagets o duy
wistn the nwteorabgien! mnge  tNeetion 22.5) s
12,000 yanis: a bright target, having inherent cone
trust grenter than unity, is visible at greater dis-
tanee than the derkest dark ta~eet of vqunl «dae.

Experimental Verification of the
Theory

The Tiftany Foundntion, umier conteset OB M er-
597, peeformed experiments designed te test the
thevry develuped above A eories of Mack and white
tots was sel up on the shores ol Cold Spring
Harbor at tie Joeations shown in Figure 4. These
were billhoanl-type structures, carcfully placel an
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THE VIZIBILITY OF OBJECTS VIEWED ALONG A HORIZONTAL PATH 23

that the angle of incidener of the sunlight was ihe
suine on each and adjustad in <ize so that eveey tar-
got subtended the same angic at the observing sta-

Pt 8. Wilthoan! v tangets usesd be the Tolany
Foundation,

tivn ot the Tifany beach. Pln'-(o‘nplu uf these
targets are shown in Figure 5. The apparent con-
trast of the targets relative to the horizun oky was

measured by 3
sight paths indicated by broken lines in Figure 4.
Meteorologieat data of the conventional type were
taken at the time of cach expertment; and, in addi-
tion, the transmission of the atmosphere over a
1,000-yard path across Cald Spring Huarbor was
determined by means of a Bureau of Standerds
transinissometer.

Tie simplest tyne of  telephotometer used to
measure the apparent contrst of the targets was
the long-focus camera slown in Figure 6. A lons
Laving a foceul length of 10 feet was used in order
to obtain an image of the distant billboard sufi-

e o8 o belandedisscdan el tho
Wnro0T Rotrioplielomiritr Laeng Ao

Fraven 8. Long-foeur cmmery iwed a8 8 telephatom-
oler,

ciently lange to permit relinble density mea-ure-
ments ta he gnade with the mieradensitometer de-
seribesd in Reetion § 3.0, A photugraphic gray seale,
monted a few feet in front of the camera, provaded
seneitometric ealibration on each negative
Photographs of the three targets o a clenr day
vie shown in Figure @ The clearness of the atinee.
phere s thiv vevasion can be judped by the fast
that hills in Connecticut, 30 miles distant, are
clearly shown in the third pictere. The negatives
from which thess picttres were Dade were mins.
ured with the mionsbenatometol, aml the cantiet
of the tange! relntive 00 thae oky abuove the Conneetic
ent hille was determioced by the usunl nwetinads of
photographic photucctey *® Figure 8 is » semiloga-
rithmie plot of apparent tareet comtroet as o fune-
tion of range. In making this pin, ne Fiiueno,
Was Reer nade between nmitive and negative values
of comrast. It will be notesd that the throe painta
representing the black targets ol along a »*migist
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Frta 7. Ihotographa of the biltbonrd tantels sy
wilh the hngdorus camers.

line which, when extrapolated to zero range, passes
through & contrast of approximately minus 1. The
atmospheric attenuation cocfficient g was computed
from the slope of this line. The meteorological range
{Scction 2.2.5) that corresponds to thie value of g
is 47.3 miles.
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Fruae 8. Plot showing the variation with diatanee of
the apparent coatmst of the billboart tnrgets ns shown
i Figane 7.

THe sste raireet wals has twen uenl fur tuth negulive god
yemitive runtfeste. From thy shyw of vhe line drmen (hrough 1
Tdark Varget peante, § o B0 que Uoasawd jande
T W00 am. 1o 119 om.

Sy Clewr, Lt sl orer Commertorat
Fatunatnd vonbaliy . 8 wilee
Avmsphorw pionsry: 10148 nillitues
Tonprrsiwre: K dogrows ¥,

Ive paunt: & sbgroon F.

Rdntaey pwnplity | 8 e 11

Woed NV & wdor por bemas

The points nuesenting Ba cuntrust nf the white
tarects canne® be fitted by a straight line. Randum
sealtening of white target points was obweerved in
mawt of the expensconts, b bn sy tesuatie trend
. nated. The scattering of these points appeary
10 result from diffcrences in the lighting of the ter-
gets. Even on sccmingly clear dayes traeen of clond

CONFIDENTIAL




e

g T3

pore—

PR —

. s

A ———— .

¥

TIE VISIBIL_ITY OF OHMJECTS VIEWED ALONG A HORIZONTAL PATH 25

furmation at very high altitndes (flen uwse the
ilumination over the surtace of the earth to vary
slightly, and thexe variations ceuse considerable un-
certainty in the inhcrent contrast of a white target
against & be kground of horizon sky. Most targets
of naval or military interest are of low reflectance,

L

L X

20

’
o,

soalrast

o L 1 i 1
[ 1000 083 3000 40u0 3000 4000 000
Torge! Duloncen vprés

Fuvux 9. Plot showing variation with distanee of the

vonttast of the hilthoanl tangets on a day when the

Coanceticut shore (12 miles distant) war vot visible,
Prau W sdupe ol the line trjavactiting Ui ek targens

B O por themuiel s unts

Towr: W s to 100 am

by T 10 viene i,

Ueiling . 33008 (ort

Ratwmitrel visdbaldd) © Hetwvon 3 sl 13 wiive

Atusagdertir prvesnte 1110 illiboar

Toont a1 degtews ¥

1w s - B degives ¥

Retntive humality . 1 pov romt

Wiel: X% tight

su that sumll variations in illuminativn du not
greatly alter their inherent contrast. In the himiting
cane of n completely black target, illumination dif-
ferences have on effert. For this reason, metcumin.
gists specify biaek targets for use in estimating the
daylight visunl range (Scction 2.25).

These same offeets are o be noted in Figure 9,

Wil copiecdiite o colre peniding experiment eon-
ducted on a hazy day when the visibility was
greatoer than three and less than twelve miles. The
meteorologieal range computed from the valuc »f 2
was 10.6 miles tor the black targets. Little relia-
bility ean be placed upon the points representing
the white targets, but the trend of the data indi-
cates the general validity of the prineiple thal the
upparent contrast of all targets changes exponen-
tially with distance,

The results obinined with the photagraphic tele-
photometer were duplieated. but not smoroved, by
experiments eonducted with severai other types of
teiephotometers housed i n sl temporary lab-
oratory building tFignure 100 on the shore of Cold

Fuvar 100 This tempomrey building ou tiee shore of
{'uld Rpring Harbor was teed to hoee the telephas
totneier

Feleoo yo vuts o mvw predemiug fieu Ladling welve tain
shwbd tleft frad ), Ruibbiog wee valinl Cofutey baslye

Spring Harbur, The design of a telephotometer
«uitable for measuring the appanat coutiaet of the
targets i not easy, if the sige of the most distant
boand is held within praetical limits, A teleseupe
vhjeetive, 8 inches indinmet - and 4 meters in foenl
lengeth, was useal to form an mage o7 the targets,
Carcful external and interual bafMing was used in
the teleseope, aned the steay light in the «ystem was
foumd to b execedingly small. During preliminary
exteriments, the phoommtiie nenstremrl: oo
wade with a Mach~th illuminemeter mounted on
the teloweupe ta fiem o Maxwellian view device.
The pereision of such a teleplndo i ter ~oonl be
mingde bie eenuse of the small relative aperture of
the olyective, Submequently, n Phatovalt cleetronie
photometer was used. A satisfactory compromise

CONFIDEMNTIAL




.

23 M TRPONR AN YR GEIIY Tl TY vty o v o

T R b Lo da T

N

— - v

LA e e

26 THE SCREENING GF TARGETS BY THE ATMOSPHERE

between seasitivity and stability could not be found,
and finally the a-¢ hotoeleetrie  telephotometer
shawn in Figure 11 was built.*

Frovae 11, Photogreph of the a-e  telephotometer
usedd by the Tiffany Foundation for measuring ihe
apparent hrightuess of the hillha ol tagets, This in-
strument was housed i Celotex Lodge (Figare 1),

284 ‘Two Misconceptions

Two apparenty nonexistent “effeets” are often
mentioned in the hterature of meteorojopy. These
are known ax the ground-glaxs plate ¢flect ' and
the edge cfect;** they refer to lose of shurp detail
by low-ungle acattering and diffraction ef lLghi
around the target respeetively. Neither s hasel
upon sound theoretienl reasoning, and neither hae
been demonsteated expernnentally. Both efteets ane
the result of attempts ta explain cortain vival ome
prexaions in teris of the seattering propeertios of the
atmasphere, Actually, these ilueions are nataral
cansequienees of the mechaniom of buman vision,
and are dealt with properly in the next three chap.
ters ol this volume,

The groundegines plate offect was explored pho-
tographicatly with the long-lorus comera (Figure
6) at the Tiffany Foundation., Phatogenphs of the
resolving puwer targets shown an the lett i Figure
8 1) wepe photogeaphed in both elear and fogs
reacer When the coattast Giannn) of the phote-
graph was made cqual to ®Y qe determine! frmm
transsmissoneler Foadings, the targets were pesadved
winally well in al} photographs. The experinnent was
repeated using naterl ohjeets as tangets, and the
wame conclusiun was reached. Xo fine details were
obliterated by the haze. The metconidagist weay
safely consides that the grownd-glasa plate eflect
does nol ¢sial.

The eedge cffeet was cxplored wath the n-c phte.
cleetrie telephotineter 1Figure 111 at the Tiffany

Foundation. This instrument was used to L ompare
the apparent brightness of several black targets
visible against » baekground of horizon sky. The
angular size of the targets rangea from: 0.8 minute
to more than 1 degree. No difference in the ap-
parent brightness of the targets was found. This
conclusion is suppertedd by the eleetromaguetic
theory of lght. Innsmuch as all the targets are arge
campared with the wavelength of light, diffracticn
around them would not be expected to inerease their
appareat brightness. The metevrologist may safely
consider that the edge eflect dous not exist.

a2 Metcorologicn! Runge

The optieal effect of the atmosphere 1= usually
reported by meteorologists in ters of the daylight
visaal range or visibility, By international agree-
aient, the daylight visual range 1= the distance at
which o large dark objeet on the horigon is just ree-
oghigable against the sky background. The reln-
tionship between the devlight visunl range and g
hus not vet heen established by international agree-
went, but it s stamdard practice at the Naval Re.
search Laboratory and elsewhere to asstine that an
vhiect subluiding o large angle at the eye can be
recoghiped in the daytime when it brigiitness differs
from that of its <ky hackground by a< muech as 2
per cent, The eantrast of a blaek target is by defini.
tion 141 — 1§ s sudstatnted Jor € pmd =000 [
£ ctpaation (1D ean e written

'
I gg= A1 = 3912, 1o

where v Lns been replaces e the syt v The
distanee ¢ will beneefurth we seferred to as the
meleorological vonge. It is, by definitiun that hori-
geital distanee for which thw transmittonee of the
atispiene ¢ ® i 2 pwer eent

IV st be harne in mand the * the davlight vieual
vange refees to the distiinee at which Jarge black
ubjects can jued b recopnined agninst o bright
davtiie shy, By o loege obyret i meant an shijeet
won barge that G sugle it stends at (e ve of the
chaerver s seficiently great so that n greator angle
wonld not merease the reported valus of dayight
vieun! runge. The cnibibi, ks ogilald teon
o ieing metes robagtiet are rarely uf sufficiont an-
aubur size. I othor wanla, b davlight visual rangs
i apldi s slurt that a lenge object sl a6 a
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hotse of a tree, subtends n suicivnely Lome viamd
angle. As a result, the risibility reported by meteor-
vlogists is usually somewhat lesx than the meteor-
ological range defiaed by wquation (161, A Civil
Acronautie  Administration report®* presents re-
sults which indieate that visibility as ordinarily re-
ported averages to be three-quarters of the meteor-
ological range.

Under  homogeneons  lighting  conditions,  the
metcorological range is the same in all directions.
This is implied by cquation (16), inasmuch as »
depends anly on the nondivectional quantity 2. The
extent to whieh the apparent brightness of a distant
ubjeet differs from itx inhereni brightness depends
upon the Hearing of the objeet relative to the sun,
as shown by cquation (4), Thix equation involves
the seattering cocfficient @ the magnitude of which
depends wpan the ireetion in which the seattering
takes place, Hiaoov o, the varintion of apparent con-
trast with distanee is independent of o, as shewn by
cquation 134). Thiz is a valuable consequetee of the
detinition of comtrast,

s Directional Variation of the
Daylight Visual Range

Under nonbomogencons lighting  conditiops the
davlight visual range may not be the same in all
dirvetions. The varintion may be cuniedd by banks
of clowds or pmoke on the horigon; ur it aay e due
to inhomegeneities in the atosphere aling the line
of sight. The latter wmay e caused by temperature
varistions, such av thuee sncountered whion the line
of <ight passes svee bath jamd and water, or by
loral banks of hwee of o, Therv may e lucal
varintions in the luminos demsity due 10 differing
reflectivities of the natural terrine aloag the
of sight, or to el shadows,

\When the daylight visual rangy is to be predicted
(ran values of 3 weasired by an instrument sauch
as the Burean 39500 0000 iransmiewaneder it may
bt wecrssary to allow for dirveiional vanathus.
Whin interest in this probileim wae exprvsscd by the
Navy Burcau of Azrunnutics, the following puwsible
nroccdure for making such allowaaces was s
gested.

Lot it b assined f2am cquation (161 and tiw
suberyguent diseusshin that the daylignt visual range
2 is mveracly pruporiinal to 4,

a_‘];—, (4]

where A s constam., Coubining cquaiions (6) and
(7

Ly

_KBy

o

(18)

Let directionz 1 and 2 be denoted by subseripis.
Then,

KA,
M= Ty
Ny
KB
and 8= 7,
a.
o __ B, ]

By division (19)

ﬂ—v_; - 1;_- o..
But under homogeneous lighting conditions « = s,
Hene,

B _o

- \
R, = ay 120

Asamuing cquation (19} to apply under the non-

homogenveus lighting condition, then by the substi-

tution of cyuation 1201 in ccuation (19)
2y ”1 ”d‘

R

2

where the primed quantices refer t nonnal fiomos
grneons conditions,

In coder tn weasere the quantitico involved in
cquation 1214, n Lurizensscanning phutometer was
bailt by the research laborateries of ta Tnterchems
ienl Corpuration uivler contract OENer-807> This
instrnent. shown in Figures 12 enad 13, was devel.
vped o pednit the hrightinss of a d-degrs gone
sbove the hurizon te e awasunl in ey deined
divection. Valwes of 878, ean bne ubtained with
this instrunsent, and eapressal in the form of mlar
rurves, from which the ratio a,./5, fué any existing
nophumogentns conditions eothd b coripmtesd by
meats of equation 120 fres measured values of
RN, .

For cxample. comsiler Figure 14, wiieh sluws n
nolar pict of horiaw Urghthess o ewasns | b the
hisergmesennning pludincter. The ditted eure, in-
dicates the brightness of the horigon sky il boe
nngrneits roiditions, The smlid soece pepoveents an
veener when the matheast twrison appeasel ale-
porp-uly beight. Let at be mguind to predict te
dayligit visual range at an azimnth of 40 degrees

CONFIDENTIA)




poa o m s E

R T

28 THE SCREENING OF TARGETS BY THE ATMOSFHZRE

Pravue 12 Photogmph of iwnzen seanning photow.
eter (rear view).

The dilfusing glule mounted on the Wwp of the photonmier
was usesh te wen gre U hasin s dessity (4),

Furuk 13 Sehematie diogram of the hongun san.
Ring 'Mu'ﬂnr'

Dllaneg ghde 1) mnd phsecl 127 uer il tu WS
Yhe teatmage Wioewets (). Jome 131 mmaigred e Ay Junt slene
e beatitem om adoge t1Y 4 pdetiarsdl 101 roweveond the togl whark
Tuessl thiinggh Vhr shig A samehacle 131 sl teallve (@) colupesd
venr lght

tmensnrl ~lwkwise from the merth) by means of
tegunting, 1210, Lot this diretion (shown by the
dashed line in Fagure 1) be referred to as dieer.
tHon ), and et sireetien 2 be any direetion for which
the salitl turve has normal shape, Biee, in D cao,
the nowmal and abmmal cirves coincide execjn 0
the noertheast. cquation (21) becomes

] -'n"
1"'-"'0 £ 3

Subriituting ¢alucs fnen Figure 14,

a4
J

" 3,660

At the request of the Navy, the horizon-seanring

phetometer was turned over to the Aireraft Cam-

ouflage Sub-Section, Tactical Test, Naval Air

Station, Patuxent River, Maryland. No coxperi-

mental test of equation (21) is knewn to have been
mude.

- 22 = 47 wiiles.

il Backgrounds Other Than
the Horison Sky

Throughout the foregoing discussion, the target
nay been assumied (o be viewed aguinst s back-
aronnd of hortzon sky. Under some circumstances,
the target may be seen againe other backgrounds.

-?‘ .
Fusan 14 Poler pdol of the brigh. eee of the borioon
hy prastersd] e the leriian e annmg phelomsder at
e Notnl e Stalum, Paluernl R Mol
Sum ot 12 v b el BB Drgrena 1 aibeliay B wies

Tow Lo dom yurred b ar'woler the bighisey of the hervrn
s sk cedeeng by Lo —gt ot - o

For cohvenicacs, consileration of the apparent ron-
tast vl a larget under sieh circonpetagees wilt he
de . = nd until the visitalite uf shjeets viewsd down-
vand ahag <12t pmthe hiae liven shisensend (Neetinn
230,

 CONFIDENTIAL




THE VISIBILITY OF OBJECTS DOWN A SLANT PATH 29

a3 1HE visbBiLttY Or uBJEUTS
VIEWED DOWNWARD ALONG A
SLANT PATH

A aerial o' server views any objeet on the ground
along a slant path throughout which the scattering
cucfficients 3 and e vary with altitude. If the strati-
fication of the stiwephere is continuous, these cocffi-
clenis vary cegularly aad in a readily predictable
wanner, but xuch o condition is rare. Usuaily the
atinephere 13 composeid of optically  dissimilar
strata, the hounduri-~ of whiel are often shavply de-
fined and within which g and o vauy with altitude,
A wnthod for selving practical visibility problems
involving any set of atmospherie conditions which
may oxist is deseribed in Chapter 5. However, the
case of an atmosphere having contintons, regulae
opticn] stratifieation must be diseuseed fiet in onder
to provide n bast §o o oreating the ense of discon.
tinuous stratifieation,

st The Differential Equation

Muong slant paths, tle Dumlamental seattering
processes are the same as along horigental pathes of
sight, The differentinl cguation corresponding te
vtintion 1 is

i: = =iht T ey, v
whorne the nwaning of the svmbaols is shown by
Figurr 1% The sulweript g ie nersd 10 nulicate that
the senttering e Beicnte @ and a and e Raimae
density g are functions of the altituds ranbnate o

An attempt was made o ise tee spvtiagdagrapa
welion 0440 by explwr the varinthn of fomimase
density with altitiude, bt ;e variation was diteeta?
Wt the highest altitwle attmussl Q3000 feets,
A siilar fark of vanatwn was Gl on adher
arcaspmre when the allinuination an a honeatal
plnoe wo e ournd wt altituskes up te 18000 foet.
Phuring all theee Rights, the cnlar altitmbke was in the
tweighbieorbond uf 30 degrees. Froan the oe expooiinetils,
1t 1 beliweved that nehinanly the voratum of g 20t
Mtitwde 1o insgmifieant* I 4 i eganiel ae 8 oo

* Thee spteonnstion reumol sfasrs I b P cqame
i, gt Afley st the e sbraety o mack greader
st hugh altifwde thon 2 o wear e gronamd The L aaet
romge of sober alistake within whuh the srimn of 4
with sltdwde may he prglictedd 10 ol ko ARy Palcnosm
of The mwovarvh drovedhed m this ol duabl swbadc an
e retigalion aof thee molice

stant, eguation (225 enn he solved by direet inle-
gration, provided u sinple functional relationship
exists between 3, and y and between o, and y.

o)

Pt 13 See fent low oyplanalion

— The Standard Atmosphere

Metenrdugi te manetings reler to o stapdard ol-
mosphere it which U temperatune dnpee rate 8 ithin

Tws
i
Preaenn Peresamre
AU S ol B gy U of mereury
tiewt} (170 V3 seetd Litsrdire?
§ am o Ta
] »w R¥ V) ([} A
LK) ELY i1y wr
2000 b o < Tom 184
h ] a3y 1 000 M
4 ny (L1 "
£y ] nwm 000 13
A nm o1 0] 1]
T nmw pLY: He
- .- nn nan oal
200 nw oW *"n
17 0 mae N0 o
Yy, % inlw nom k1 ']
12008 *m 40 N LY

e nmm» 20 fem 142

thetne  wtv e 8 F pot thousaml {eet of alistiuke.
The vatminem of prrecure with altade i given 0
Tahle ) .8
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30 ‘THE SCREENING OF TARGETS BY THE ATMOSPHERE

From the standpoit of visibiity, the refracting,
scattering, and absorbing properties of the atnios-
pliere determing its effoetiveness in sereening targets,
It is beyond toe seope of this report to discuss the
delete, .onx effeet on image quality senetimes pro-
duced by local variations in the refractive index of
the air along the line of sight, but it is a well-known
physieal principle that the refractive index of a gas
is proportional to its density. Similarly, the absorh-
ing and seattering properties of u gas are propos-
tional to its density, that ix, to the number of
molecules per unit volumwe, Therefore, the duata
ghown ik Table 1 have been converted fato the vela-
tive number of molecules per umt volume, account
having been taken of the effeet of the temperaiure-
fapse raie ny menns of the cguation of wate of a
perfeet gas, The result is shown in Table 2.

Tasr 2

tekative nunaber

Atiiade of molceiles

(feet) per unit volume
] 1000
1.000 0.936
2000 0818
3.000 0878
1000 V841
3,000 0804
6,600 0370
7.000 w30
8.000 0.703
2000 04872
10,000 0842
12,000 0558
14,000 04534
18,000 0483
15.000 0440
20,000 0
22000 0,381
M 000 0.320
20.000 0.8
W00 nLne
J6.000 [I¥ 2R

The wtmesphere may contain, Lesides wirs mice.
seopic water deaplets, dust, rain, snow, soke,
ete. Water particles and dust are usiadiy homos
geneously distributed exeept Fae stentifiention. Tee
the optical standerd abmosphere e adefived ooon
homogeneas atmosphiere in which the water paati-
elex, dust pasrieles, and air moleenles are xuby ot
to continuoes vertieal steatiieation o the mte -
plied by Table 2,

An analytic expression for the data in Table 2 s
requived before differentinl equation 122 cun e

e e s o . ey

1 - Ve
- ,/
wok Ve 1
A
Q?Or / P
s
e
'
QG -
4; llor 4113 z‘ﬂ* :ls fuJ

ALTITUDE (N THOUSANDS OF FEET
Ficvre 16, Variation with ahitude of relative density
of seattering partieles,

Pointe reprrsent aphiesl standand  atissphote defind by
Table 2. Fhese ot hove boen approviate b by the steaight
hue, Stope: 3 100,

solved, Figure 16 shows a semilogarithmie plot of
the relutive number of particles per unit volume as
u Dunetion ot altitude. Within the range of altitude
represented, the datn mav e approximated by
steaight line, the equation of whieh is
TV v '23)
Su
Accordivgly, et
e Tt T T and g, moaye TR 124
where g i< to he expressed in feet Abmg any slant
poath nnking an angle 8 with the horigontal
# = ¢ sin 8, 125)

After combination with vguatums (240 sl 1280,
cquation (2 bepspes

ot . [ R
I 5w gl o it + Mg LICREAA (¥ 1)
3 Optical Slant Range
Erguution 125 can now be integreated dircetly:
Ny N
o .
- ., LRl R NI Y ¢
natf - af
", t .
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THE VISIBILITY OF OBJECTS DOWN A SLANT PATH 31

whenee
Tyif — l"l;h'

— AR :
ooy — g8y, T o (28

where
R cnmean]

The quantity B will heneeforth be referved to a
the optical slant range. Physiweally, it is the path
length within & homoegencous atmosphere, having
no lanse rate or prossure gradient, along which light
would encounter the <ame nwaber of particles ae-
tunlly enconntered along the path of length B
within the standard atmosphere. In other words, ¥
i that horizontal distance which contains as much
air as doex the slant distance R,

3% Variatio:. ot Apparent Brightness

Along Slant Puths

Equation (281 cun be written in a form =tmilar to
cquation (4

By = (G:ll)( 1 — ¢ 8k ) + B8 gy

For the sjreein) caxe of 8 22 0, F = B = X, and
vguation @01 reduces o equation 143, The fnctor

ﬂ..l' . e
. l‘

I 1, 130

.
o

By extension, when ¢ = 0 the {netor

) w2 Hae, 30

e
where By’ 15 the brightuess of the hovigon sky in the
partieular direetions imdicated by the aerows moanl
#n Figurn 17, In tivs direetions, the brightness of
e e b determingd by space light seattensl
at the same angle fran dwe mys of the sun ne the
space light seattersd in the direction ot the aenat
abscever. Under o cireiinstan os, dhireetions o
ated & ean b fonnd and 7 mensurat direetly. Hoa -
over, when the olscrver s neardy “in the sun” ne
seen from the targe. Jie cone prsduced by mitating
his line of sight aboat the direetion of the ravs of
the sun will ned intorseet the Junigntal piane, In
this rass, resart nust be had to spectal photometrie
cquipient for detennining oy /.

Orrical Fouinimkit M

Equation (26) indieates that when fot o= ey,
dtsdr =20, Thus, a condition of optical equilibrium
(Seetion 2.2.1) exists ulonyg slant paths in the sense
that any object whose inherent brightness equals
ouy/ e appears cqually bright when viewed from
any distanee. Fauation (32) indieates anat objeets
having the brightness of the horizon <ky in the =
andd nodiveetions (Figare 17y fulfill the conditions

| s

cdocboct

Fuvwn 1T Arows mand oomdicote e sirections i
whith the briginnese uf the hortzon =ky 1 deternined
by Dght seattenad trom the rays of the sae a the s
apghe s light senttensd towand Hae aenal oharver

for equilibrimin, The apparent brighiso s of darker
vhjrets inereases with distance, while that of brighter
ohjects deerenses, I the liit, the apparent bright-
ness uf all abjects on the groand aporonches the
erpuilibrhan valwe asymptatiendly. Thos, when en
abserver aloft caniot see the gronmd beeanse of
hage, the apparent breightiness of the arth is the
sate ns the hrightness of the horigon <k sen by
e sbserver an the ground loking in vae i or n dis
tretiune. A jeasurenent of tye apparent brightness
uf the wartl o sueh nn nenal shwerver ny e tinken
et vl nf aag G,
Tote AIeNtvrox oF BrisnTsess Do renesees
An baporiant consepienes of sqpuiaiaone 140 il
1301 i¢ he theerem that aloeag either sin 2 paths
harozon i paths brightoess Jiftoices are exponen-
tindiv altenuated. That is to say, 17 the tanget and ite
backgronnd have inbierent brightnesses Ba and R,
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32 THE SCREENING OF TARGETS BY THE ATMO:CIHFERE
respectively. so that the difference in their bLright- Tamk 3
NEesFes AB() = Bu - Bo’, tll(‘n frOHl equutiun '\Je) e e S N S S U S s )4
their apparent brightness differenze at range R is Sky Grouad Sky-Ground
given by condition condition ratio
ADw = ABeB%, 123} Overcant Fresh snow 1
¥ Bo 3 Overcast Desert 7
Overeast Forext 25
*%  Variation of Apparent Contrast Clear Fresh snow 2
Clear Desert 14
Along Slant Paths Clear Forest 5
The variation of apparent contrast along s'ant T TTmTm T N -
paths is more complex than along horizontal paths. . . . -
This complexity arises beeruse the apparent bright- Horizontal Sight aths

ness of the background is a funetion of K. Let the
inherent contrast between the target and its back-
ground be defined by

AR,
Cy= K
B. K2}
and the apmarcat contrast at range R by
Y 1" -
( nTc ’e" . (35)

If cquations (301, 1331, nnd (34) are substituted
in equation 135, the law of eontrust attenuation
along slunt pathe is found to be

Cy= P Ca N 1361
e (em—1)
2 The Sky-Ground Ratio

The quantity By’ Ba hns been ealled the «ky-
ground ratio. On a unifurmly svereast duy when
the varth is covervd with snow, By° = B and the
skv-ground ratio i= unity, Equation 138 then re-
duees to

£y s O Al 137

niong any line of sight, vertiesl, slant, ar frrigontal,
Unider other cinmumstanees, the sky.ground  ratio
providies o weans by which e law of conteast
atteremtion alomg slamt paths can b adjusted for
the effeet of tighting eonditions, gramd nefleetanes,
am} the arieatation of the line of sight with respeet
to the sun.

Typieal values of the sky-gnund ratio for a slant
path sueh ns that shwown in Figure 15 nre given
Takle 3.

Along the horizontal paths of sight diseussed
carlicr in this chapter, the background of the target
was assumed to he the horizon sky. In such a case
Bu andd By’ are identicn), and therefore, since B =
R = X, cquation {36) reduces to equation 114).
Howevir, under some eircumstances, the target niay
be viewad against o buekground other than the sky.
For exaple, a ship at sea may he seen against a
background formed by o distant land mass, or the
“target” may be a numeral painted on the side of a
ship. In such a ense, the apparent contrast can be
caleulnted by means of equation 136), if the sky-
pround ratic is replaced by the ratio of the bright-
ness of the horigon =Ky in the direetion of obervie
tion to the inherent brigh ness of the buekgrowd
of the target,

32 The Visibility of Militury und
Nuval Targets

Targets of military and naval interest ordinarily
sibtomd u very sl angle at the eve of the ob-
server when they are viewsd at limiting range. In
sueh cases, the Hmiting range of visibility s gov.
crned not only by the romdition of the atmasphere,
but also by the nigour <ige and offective contrast of
the target. The following chapter presents data on
the pereeptual eapaeity of the himaan oheerver uns
der virndly all cirvwnstances cneountered ot
doors, The manrer in wineh this informntion ean b
combined with a lev e of ecairnst wttersiniion by
the atiwmphers will e trented an Cliapter 4 for
vare of targets viewed alung o horigontal path, and
i Chapter 3 for the case o Sarpeds ciesvpd dovne

wie ' oolung a slnnt path.
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ClLapter 3
PERCEPTUAL CAPACITY OF THE HUMAN OBSERVER

3t INTRCDLCTION

HE VISIBILITY of targets is influenced not vinly by
Tsuch phyzical factors as were discussed in the
preceding chajter. but alse by certain physiviogical
factors. These inciwie the effective brightaess and
color contrasts of the target against its backgmund.
the size and shape of the target. the brightress levei
to which the eves o’ the observer are adapted. and
the conditiuns and technique of viserving.

Previous investigations have s¢!dom inciudad the
entire usciul range of any wne of dhiese factors and
RATE TAVH Ginitiiaien w aciut e coinbimed ef-
feet of all of then: “omseriuently. existing experi-
wmentz! data bove rmarely iwen applicable to the
visibility problems encvunters! in naval and mili-
tary uperations.

Frun the outst of the visilalite jmgram o1-
dusted under the supervision of Seetion 16.3. NDRC,
it was the bazic p.an to inve¥digate the various iae-
turs one by ope ever their ontire ranges in such a
manner that the fina! data eombd be 2ad to prudict
the vi-ththey of naval amd wnlitary targets. The
mvestigation of the physwlogical factors was di-
vided inte two basie programs, one concerned with
tne wfluvner of brightness contrast * and the
other with the influcnce of culor enpteast,

The Louis Comfort Tiflany Foundation. of (% ger
Bay. New York, was recucsted under Contraet
OFEAN#r=87. 1 eondust an exten-ive investigation
of the wfiuence o Visibelty af the hrightnedd -
trast of targets of all sise and shapes, at all bagh?-
ness Jeveh encountered outdonms, day or night. This
reecatch b deseribed it (SRD Report No. 6401,
catitled. Viebdity of Targets ¥

The mboenee of colur contrmst wae invesiieated
hy the Fadman Kalnk t omnany Rochester. New
York. under Contract OF Msr-1070, and the results
are to e found in OSBD Retort No. 3341, Inucace
at alae Contrast om Viewal ety ® Ae shown
therein. it is possible to evaluate any color contrast
in teraw of 8 hrighttiess sontrast Viclding the same
visuai acuity, This madkes it presible to earchine the
influctres of coler evnitrast and brightoess contrast
10 stcis & way that the visusl capacitis of & typ-
jezl human vheerver can be exprrwed quantitz.
tively

b INFLUENCE OF BRIGHTXNESS
CONTRAST ON VISIBILITY

The key w a method fer investigating the in-
fSeence of brightness cuntrast o the visibility of
targets was gives by a preliminary experiment in
which the visibility of the silhoueites of wvpicai
naval vessels an! aircraft was: sempared with the
visibility of circuiar =pots. This experiment indi-
caied that, ordinanly, uniform targets of equal area
and equal apparent cortrast are equally visible re-
gandicss of tieir shape * Acconlingly. a fundame:.tal
ipvestigation of (ke vi-ibilicx of circuiar targets was
irst un-lertaken.

2! The Visibility of Circular Targets

Tie major portion of the Tiffany investigation
was devotad tu the determination of the contrast of
circular targets 5f sclected diameters which were
st visible againit uniform background: having
varieus brightnesses from 107 to 100 ioot-lamberts.
The target diameters suhtonded arcles from 0.6
#10 minutes at the oves of the obeervers; and tar-
gets both bnghter and darker tha:. ther baek-
grounds nese usedd,

Pretiviyany Exrerisests

The Tiflany Foundation was forewarued by the
puhlishes] resuits of carlier nvestigaton G expeet
the reprsiueilility of visusl experiments 1o be
highly creatie. For this reason. their Sest experi-
nwnts were derigned to Miekd results of the highest
{rmaible preewion in onder to detenpine the penera!
nature of visual functions

The Erght-Position Method. A circular spt of a
given rige was produced by Jajoetion ot any one of
vight eqpally spaccd positons around 8 clearly

Cartrantlation spet heated at the center of the
ann.. The circumlerenee of the oot treck thus
formed was «uch that . straight line of equal leagth
wuuid have subtenadod an angle of apgenimately 13
degrves 2 the eves of tie obweivers, The rarget was
prvp ctet fue 6 secon ba, during which time the ob-
wevers wore potified by the soamd of the busser that

AT N ctan 329 for 1 quantiiatne dhevamam o the
et of torpe! N e
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34 PERCEPTUAL CAPACITY OF THE HUMAN OBSERVER

the target was present. The G-secord <carching time
was considered to corpeshond to @ scznning rate of
2.5 degrees per second, a value consistent with the
reported practice of Jookeuts aboard Germaen sub-
mari: =, It was suflicieatly short that, with ten
vbservers, @ Invge enough aambier of bhservations
could be taken to permit the liminal coutrast of the
targel to be determined with a high degree of relia-
hility. Ordivarily, u total of 2,880 vhservations were
made in determining each datum point,

FiNal EXprrisMENTS

Later in the war, after the subjeet of seareh bad
beeoinie a major interest of the Operations Resenrch
Group, COMINCH, U. 8. Navy, it was no longer
neeessary or desiruble to make any assumption con-
cerning the rate of search to be ¢ ployed by an
observer in the field. Morcover, it was found that
no simple v} ton exists Detween the dinmeter of the
spot trace and the effeet of the ime allowed for
search. For these vensons ii is felt that the vesult: of
the preliminary experiments are of dittle practiead
importanee other than to illustrate the general shape
of the visibility curves and to demonstrate thai
Laghly reproducible visual experiments are pussible,

The Nimgle-Position Method. The final experis
ments were designed to determine the upper lanit
of vizibility tower limit of ju-t-visible contrast),
the time for observation being such that w longer
pertod produesd no lower vadue of liminal eonteast,

For turgets oi low contrast =een ar high levels of
adaptation brightness, the time required to attain
ulthinate seores was found to be impracticably long.
When, however, the target was confined to a single
fixed posttion and the observer was required to re-
port oniy whether or not the target was visible,
maximum scores could be obtainesd with reasonably
short obisetvation times. The target was frequently
absent, so that mere guessing was discouraged and
allowanee for its influence conld be based on the
erroneous repuits of the pieset ee of the target.

The resalts of the preliminary 8-position experi-
ments served ax a valuable guide in selecting the Key
puints required to produce the finul curves, This
wiik fortunaie, sinee the single-position experinients
could nov be condueted as tapidly as had the 8-posi-
tion ones. Most of the experiments with lorge targets
at high-hrightness levels were repeatea with the
singlesposition methad, and & representative selee-
tinn of experiments for smaller targets and lower
brightnesses was also repeated, The precision of the
resutlts abtained with the single-position methad wae
inferior to that of the S-position method, Conse-
yuently, the curves repicsenting the single-position
resthts were deawn with xpacings and slopes ximilar
to those of the curves representing the results of the
S-pumition experiments,

The equality of visibilivy for equal light and dark
contrusts was demonsteated by experitments with the
8-position wmethud. The infuenee of taiget shaye o

Frang 1 hwetsation romin al Tilfany Foumlation
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visibility was determined for various brightresses,
contrasts, nnd target shapes by the single-positien
method.

a8s

Apparatus

Certnin functional  requirements governsd Lw
areangemients of the apparatus used by Tiffuny.
These were:

1. Simultanes but independent observation by
as many as 10 Chservers,

2. Prescentation of the target at frequent aml tegu-
lar intervals,

3. Use of the peyrhophysical metivud of constant
stunul.

4. Pintometrie measurements based exclusively
oty the vec of standand lamps and the inverse spuare
law,

Opngnvariox Rons

The olmervation. « 0 mmde in o romn 63 {oet
hong, 12 feet wisle, and 10 feet high. This e, a
sketeh of which is shown in Figure ), was con-
structed of pleword panets inside o oo ut the Tif-

Control sad reconting chamber,

funy Foundation. A huge comtrol and recoding
chamber tFigure 21 was situnted at one end of the
abservation roon:,. Ten upholstered  theatre seats
were Jueated just iuside the observation room, five
on and five under a baleony which extended across
the controfsrocan end of the observation room, as
shown in igure 3.

The floars, walls, eetliegs, nud all the furishings
aml aceessories within the observation roon had flat
white finishes, Tae side pancls of the voo, each 10
fevt mpunre, wene areanged us louvers, appusite jries
converging toward the front of the roacm, as shown
in Figvires 4n and 4. The frunt wall, 10 feet square,
was sooth and unobetructesd and had. during mest
of the experiments, only one simll hole in the conter
through which light for the sixation spet was ad-
mittel. At 8 foei wene eviailnble hevand the
fi it call of the vlmeseation poe ang e evees
als i upied by apparatus during exprerimients with
very sinmll targets,

UMY TION ARRANGEMENTS

Huiden Trom the olservers, in troffers belund the
Iront edges ol the side pancls were five banks of
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36 PERCEFTUAJ. CAPACITY OF THE HUMAN OBSEKVER

Fwvax 3. Photograph of ulwervers in stations, and projection lens.

lamj.s on each wide of the roum (see Figure b,
Theze lnmps illuminated the room quite uniformly,
vapreially the frunt wall, which »orved as the fieil
of observation (zce Figure 51 Purt or all of the
la.ape i cuch troffer coubid he operated, in order to
produce several lovels of illuminstion in the room
and on the obwervation screen. For moderate and

* high levels, general service bulbs of various wattages

were installed an shown in Figure 6.

In all canes, the arrangement of lampe was in-
temiet to pruduce u gradual gradation of brightness
fruny & maximum at the sereen to approximately 10
per vent of e wanimum near the oberevem, A tele-
photonwter was used to insure that the deeired - 2.
tera of brightness was attained and maint: el
throughout the prograin. For experiments with tar-
wets brighte. than theie buekground, the brightness
relative to that of the sereen was approx.snately 98
per cent fur the irst pancl, 78 1o 85 por cont for che
sccomul pancl, 60 to 70 per cent for the thind pancl,

43 10 50 per cent for the fourth panel, 28 1o 3o per
vent for the Afth panel, and 8 tn 15 per cent tor the
sisth punel

Tu achieve low levels of ilumination, saall bulbe
were placed inside light-tight brass tubes, each cou-
taining several plates of ground glass throngh which
the light had to pass. (See Figure 7.0 The luminous
untput of these units was adjuetable Ly varying ti
distance from the bulbe tu the it ground gluse, by
varying the number and sparation of the plates,
and by placing opacue annular diaphragme between
the bulb and the fis't grund glass. These dine
phragmis had holes of varivue dinmeters, to reduce
the anount of light incident upan and tesnamittod
by the layers oi ground glam.

For the ohecrvation of targets darker than their
hackground, part or all of the ilumination of the
surrounding serecn was by projeciion, as deseribed
1o Neclion 323 In the majority of these oxperi-
ments, the gradation of brightness from the fromt to
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Flovre 4. Top view elevation of observation reom; bottom view plan of obaervatior room.

Additional projectors were used in Arrangements V
and VI for targets darker than their backgrounds.
Arrangement VII was used to project targets in a
vingle position on the eenter of the screen.
Arrangement 1. This was used for experiments
with highest backgruund brightness when the great-

DAY
ey
RN RO
. L RN R .
. [N PR JUPCO—
. [

v
Lrd
.‘A‘ . 130 V0T LANP ' ;
N -‘\ wyregs | !

N

Fiatux 3. Phoiogmph of oheervation room from S —_—— sarfLe
ohscrven’ seals,  Note rireular talgel at center of . /
e, E \ \\f
the rear pancls was similar to that for experiments R B i namme 1
with targets brighter than their background, T l ’“‘j
. Ponax 8 LUrom sevtins mffers ot oleervation
1 Projection Equipment room, with lamp armaged for modemie aml high

heightnens cxperimenls,

I PRSI AP AR NPT W R, T T Mg o

Al the targets were produced by projection of
ndelitional light on the sercen. A single lanterneslide ot vy or oulput was required. Several inter-
projector (Figure 8) was used fur tangets brighter  changeable metal plates with single round hoics of
than their surroundiage (Arrangements I o IV),  various dismeters tin the focal plane of the projee-

CONFIDENTIAL




o

PPN E

T

o T1e o wE

- —— ikt v e —memae =

38 : PERCEPTUAL. CAPACITY OF THE. HUMAN OBSERVEH

tor) produced targets subtending 3.60, 9.68, 182,
332, and 121 minutes at the eves of the observers,
An achromatic prism larger than the aperiuee, wich
an angle of about 4.5 degrees, was mounted in front

O A A A R . N
3 \\\5\\‘-\ \\\\ ~ \\\ \\\: N
RN N Amne
: ‘\\Q 4

SHUTTER -

L MAZOA ¢4
v\

FLAINED OPAL —

S~

~ CONTINEUNIT L iaLass maTes ! SROUNO-GLASS mLATES
NNNGRAN AND APERTUAL
NN ] | PRMOVARLE)

SN .—ﬁ

Fravee 7. Cross section of troifer and lighting uait for
low brightue - experiments,

of the projector lens. By 1rotating thi< prism (Figure

9), the target eould be made to appear at zny one .

of ¢ight equiangular positions, cach 32 inches from
the center of the observation sereen. A set of dight
clectric contacts was provided, one of which com-
pleted a cirevit to indicate the position of the target.

The contrast of the projeeted bvght target was
governed by filters plucesd between the condenser
lens and the target aperture, as shown in Figure 8.
Four filters mounted in u cireular disk tFigure 10
could be interposed, ane at a time, to achieve truns-

PROECTION WATER
LAWP otLL

A~

wisions of LOOU 1empty apertures, .752, 0.540,
0.372. and 0.235. The loeation of the filter dizk, and
consequently the contrast, was indieated electricaily
by an 8-point switeh, shown in Figure 10. An opaqgue
plate (Figure 11 served as a shutter to prevent the
projeetion of the image while its position and eon-
trist were being changed. An clectric conteet elosed
a eireuit so that o buzzer sounded whenever the
shutter was open. The duration of each presentation
of the target was 6 sceonds, with a 6-sccond interval
between,

Arrang-ment 18 This was used for experiments at
intermedinte brightnesses (Figure 12), The mnxi-
mun: contrast was governed by neutral absorbing
filters inserted hetween the condenser and the eon.
trast-filter disk in Arrangement I, These range
filters were seleeted for ench experiment according
to the results of a preliminary seties of observations,
Onee seleeted, they were unchanged throughout cach
experiiient. The specetral transmittanees of typical
range filters nre shown in Figure 13.

Arvaagoment ML Thix was used in ohie experiment
witl siabl targets on the highest background bright-
nesy, for which additional light was provided by a
spherical mirrce plueed behind the projeetion lamp
in Arrangement U1 (Figure 14),

Arvangement IV This wis urerd in all experiments
with fow Jevels of adaptation and targets beighter
than their backgrounds, This areangement 1 Figure
13 was the same as L with the additien of &« L
of ground-glass plates one-halt inch from the torget

APERTURE  HAND- PROJEOTION
MLATE  OPERATED LENS
SHUTTER /

A

-
p—

Lt

\
oo}mnn CONTH. ~¥ ROTATING
LENSES FILTERS PRI

Frotnk B Projector Artangenwnt [ {or tangete Ighter th. o backgrue). wih hthesd backgnuinel hrghtaees
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apevture o the side towaed the congensei lene Whis
diffusing whixs rednecd nonselectivey the tiux pro-

jeeted by the system and will be ealled the serond-

7 S\l' ..
&SNS
et R
& // 4

- /'y . @~ SPROCKET GEAR
R 1 et —POSITIONING HANDLE

R SITI
},{k,)r—ro ONING HOLE
‘ S at—— CHAIN

l.—— THIN PRISM

N

Froaow 9 Mechonisne fow votating pristn

Cuntro! 6iter diek wath wnlwating swareh

Frarar 10

ary tource of the prujertion syaten i the discussion
which fullows.

Avangemcnl V. For the prasluction of tasgels
darker than their backgroun:ls, a pair of projectors

PFures Y aind 17 wis tsal The soeomd penjeetor
wis necessury to cguaiize the iight projeeted on the
sereen swroanding the target, at o'l contrasts, The
target wax projeeted by placing one of several glass
plates in the foeal plane of projector A, exeb plate
hearing an opaque civenlar spot. The projected di-
ameters of these spots subtended angles of 5.01,
9.55, 189, 55.5, and 114 minutes at the ¢yes of the

(AN 321 117 Y N
coONIALY

Fruvwe 1. Shatter amd bugaer signal owateh,

sheervers, To procwie projection at cight points on
the sereen, the platcholder was supported on pins
st in two sprocket gears as shown in Figure 18 the
pemition of the target was indieated by the same
vleetrie arrnngenment s was used fur the bright rare
gets, Frojector B athumiated the entite seéoen uni-
furmly.

A filter slisk with six apertuces, duwn in Figere
19, was mounted with ite axis of rotation mnlway
lwtween the e projectors. An ety - perture, fone
filters, and an apague plate gave traneamittances of
100D, 4700, 0803, 0382, 0.281, wad 0000 Ciniile-
wrnd ev teanamitianees were ploeed linmctricatly,
the Cwteque plate opgretie the cinpty spertim, iiter
N0 oypuaite 0233, 0588 oppusite D362 Cineg.
quently, five contrasts mnging fran a nasinum
down ' 230 et eent of the st -
wWtrbi o uy sucerssively placing the five apertures
tother than the npaque plater next to the comlenser
levses of the projector,

T
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4 PERCEPTUAL CAPACITY OF THE HUMAN OBSERVER —
PROJECTION WATER NEUTRAL APERTURE HAND- PROJECTION
LA?AP CELL ABSORBING PLATE GCOPERATED LENS
& ' FILTERS /’ SHUTTER /

; \ ;
) | \ /
\ / /
14 “
___ﬂ__ﬂ_ — . " - —_
x | f
i
GONDENSER CONTRAST ROTATING
LENSES FILTERS FRISM
Fiatne 12, Projector Armangement 1, for jnte rmesdiute haekground bright nesses,
.:‘:?:’:: :?':“._t:-":‘i?:‘ In thix faxhion, the total brightness ‘uf the sur-

N rounding sereen was maintained approximately the

::‘ i ;: 1:&-&”5 ; Y r—v—f" sume for alt ¢-nf|trust_.~'. .\\-hivh were imlic:\.te«l“elcr-

ot s dluEn [l 4 St N trically by a switeh shatlar to that rxlnmjn in Figure

Spanes . _}_ i T e . For most experiments, part of the ithunination

o H- ;;I’T” sEqRR E.',":_L THLITT  of the sereen was provided by hghting units located

MO e P00 0T in e troffers behind the side-wall panels. The tare

‘I ! . gt il compensating projeeters were extinguished

et . while the loewtion anva eonteast of the tannt were

s i being ehungel.

:. Areangement VE A thinl  naekhing” proiector
| S thigure 20 wnn cilovied to gvoid considerable
5 .; ‘‘‘‘‘ e changes of sepeen brightness in the intecvals e
* . ’ P tween presentations. Tl projeetor iluminated the
; I 367 SR N , serein uvifunnly whike the others were extinguished,
e o PRSI i 1) By the use of auxilinry filters. cach projeetor was

4 . oy mdjustial s that the brightness of the seren wos
H - SRR bt b - mearly constant thrvaghout eael experinient,

& o sptudit i e T & Arcangement VI A “fode-inenndeont™ shuttor
i b SN i : ." o : * o tFigure 211 was usad to nvoid sudiden Aashes when
ST LSNP TIITH the tanget projeetar was oxtin=ished and the sereen
evs SRR IR H NN illuminated by the mnsking projector. An auxiliney

¢ 'S & & SR DM NN projeetor (Figure 221 was emploved for iuminating
sgud 5T, i ;,._‘ i S NI the first pancls of the elservation Foom in sonw vx-

Ut . bttt N 3¢ te, tor puadties the contrnst inct-s s the dark

. ~:4t ...:.,..' | —.!_‘u ;‘ s e i b, 1 l',' wnnte, \ v \

0 %4 l"'l'*': it | shie walls and the front wall when the illiination
SIS 'Zf} 13! HES of the Iatter was provichal ity o entirely by the
%ee 100 Teee 196 srmjecius,

wevlLingTn 1B muLIwICRONg

Fatwer 13, Sjaviral trunsenst

Taney rusirs for 1y joral

e flters o] in projertom. Nuawerals s ciroes
snlienate the monnal deisaty of each Slter

rojeetor Arrangemente IV and Vowere alse used
for prujecting silhiouettes of & German Mavis-class
destroyer mint o German Heinkel 111 bomber. Theee
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o INFLUENCE OF BRIGHTNESS CONTRAST ON VIMIGILITY 1
PROJECTION WATER NEUTRAL HAND PROJECTICN
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Fiovwe 14 Projector Areangetient 1L fae snad! targets braghter than the bnghtest b kground,

tests veritied ¢ sutstantinl cquivalence of visibil-
ity oi sueh silhouetten with eireular targets of the
<ame nren and contrast agninst the baekground.
Arrangement VIIL To projeet o fiaed eentral spot,
the target was the image of a round hole m an aper-
wure plate, the hole eentered on the axis of the
projector, ws shown in Figure 23. The neutrul ab.
sorbing Aliers were selected for cach expuriiaent so
that, at maximuin contrast, the target was barely
pereeptible tu all observers, Four Jower degrees of
rontrast were obtained from the filter disk ~howan
in Figure 19. An opaeue plate uver one of the gpner-
tures of this disk wie ussl to prevent the projection

ul the target in frquent instanees, 2o that the pro-
porion of guessing i responses eonkd e sdetermined.

SooallTarget Presentation. An essentinlly differ-
ent arrangenint of equipiient was wsed for experi-
ments with very  stiall targets subtemding 0.8
winute, Projected targets of this sige did not e
suitably sharp delinition, nor eould their continsts
be measured with sufficient accuraey. For these ex-
periments, cight ~mall holes were aritled in the front
wall of the observation room. Shart lengths of 2lass
roed, 3 millimcters in dinmetor, were puished through
these holes until their ends were Busic with tia
insidde surfaee of the wall The ends of the glnas pols

PROJECTION WATER  NEUTRAL  GROUND APERTURE  MAND  PROVECTION  EXIY
Lawp OELL ADSORBING  GLASS PLATE  OPERATED  LINS PUPIL
\ \ FLTERS  mae 7 suTTER /
~ o /

’ \ ‘ /
N i &
'
| -
} .
3
= /
coNDENSER CoxTHASY ROTAVING
LENSCS FicTERS PRION

Fiaves 18 Projector Arrengrment IV, for targte lghiter than b ichgrousd, with barkgrmunde of luw brightaoe.
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CONDENSER CONTRAST APERTURE PROJECTION
LENSES FILTERS POSITIONING LEns
PROJEGTOR B uEoHANISM
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T VTR i
ooome 0 Peojectir Amanetiwen? VL G tangets darkes than Backgronmd
were pulished dat, col at a peint approximately  all of the “inenaient langw,” amd by adjieting the
001 ineh fruem the smtapde end of vach fad an gpal total ithanimatio of the opal glass s that te glass
glass plate was plared which was iHuminated by taa nads weee invisible when all Kiope in sach unit weee
: systems of laupe, shoawn in Figin 28 The obliogue operatel. The vantrast of the durk targe this pra.
‘ tlumination of the opal jlate by the pair of Mazds  diesl was contrllsl by the i of the
Number 34 lnmgw was aedjastnol so that, with the  opal glass due to the “inervent fawp.” The shinie
wimertatiay sereer at the desinal brightnees, the  aation providel by thie lang eonld e clangst by
glaes ral wae invisible even when viewsd fnan i varvig st sisian, (e pal glass and by the
) very shatt ilistater. wer nl phsrbing filters betueen the g aned the
: ¥ar bright targets, twee santeiong Juages woos oo ojal glaes,
3 at all tawee. The projertion lawp of s ach nme i,
& nohed the inerenwtt of ithiination whicrh deters 494 N,
¢ . ‘ Oricutation Spots
. mined the vonteast of the tanget. "Wy e of twee ¥
i “inerement lnmps™ waa aperabod at a tine, o tha For the B-pneition tannd exja.aehls, & sevi sl
f the bnghtness of only one of the glase nule difte sl T ineh in diancte; was aiways vieble at the eonter
R Iy the brichinese of the serven. Negative cw-  of the olwervation sereen, servmg B seient e ob-
g trasts Gdark targeted were poshuent by cperating servers during experiinetts with dack backgnaneds,
€
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INFLUENCE OF BRIGHTNESS CONTRAST ON VISIBILITY 41

The <pat, of adinstabbe irtensity, shone tooagh <
reel filter and o hole in the wall, as alrewdy men-
tioned. Red wias donaidercd to fave the least ittu-
ener of it eolors on adnptation and wis most easiy
distinguisha! ¢ from the achrematie target at all
adaptotion levels. The brigliteess of the orientation
spot wits wdyuisted for eneh expe: iment ~o that it was
only bright crough to be visible with certninty to il
vheervers

During the single-porition experineats, the dinn,-
cters of the projected targets were 0.7, 20, 3 88,
11.75, 27 88, and 83 inchen The luention of the tar-
get was indieated by four orientation spots, These
were placed in groups of four, above, below, and at
cither side of the tanget, Within cach group, the
snuts were srranged in a straight bae trom the een-
ter of the projection sereen at distanees of 17, 29,
29, eud 36 inches, respeetively. This made passible

(LAl YY 2
riree
1133

LI LA 1Y |
(Y FYIT IV Y
wevga O
YIS wrges

Vowo
ovies
*80.8¢ 200
]

(LI TRY T
.

¥ e

Fram 17

the selection of wny four coquidistait spets, w0 that
I any one exporiment the spots were mose han 4
and less than 17 inches from the edge of the target.
P e reanhts were obtained when greater and losser
separations were trd,

These orientation spots consisted o1 glass rolds, 3
millimeters in diameter, inserted in hees o the
serevn and hghted from behind, Thaeir brightnesses
were adjusted for each experiment so that they wers
noticeable but not disturbing,

N33

Recording Apparatus

Indieators. Each observer was provided with an
indientor mounted in the right annrest of her seat
The indienton (Figure 28) consisted of a large bandle
which the observer tumed until it pointed in the
direetion corresnonding to the pusition in which the
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REGORDING
SWITCH

)
7~
POSITIONING
o HOLE
)
[

POSITIONING
HANDLE

~———POS:TIONING
HOLE

———BRACKET

———CHAIN

~—~$PROCKET
GEAR

Frovuw 18, Moetumes for Ineating opague spat in Projettar A in cueht eceentrie positiens, "Fwo views, shooig
parndlel displue ment aeehanism, postioning undbe and fbuating switeh

tarpet was judged  to be. Roundbended  tacke
driven into the arm of the seut just cutside the path
of the handle guaded the observer in tactually loeat-
ing the switeh point in the dark without visual dise
traction. The handle rotuted the contiet bar of o
16-point  selvctor wwiteh, which contnined  dead
points separating the cight possible target positions,
s thepe condd be no simbiguity coneerning the indi-
cation by the observer, The handle rotated freely
in vither direetion, and the saiteh was silent to
prevent an cheerver from getting clues from elists
of neighboring switehes,

Recording Bores, Indicator points wen conneeted
to minintuse nean-discharge latmpe loeated i three
duplicate roeording boxes in the control roana, Theee
were 96 Inups in each box in a rectangular aceny of
12 ;own of 8 lamps each, Five of the lanips in ihe
top row were eonneeterd to the five switches of the

filter disk of the projector; these indicated the von-
teast of the target for each observation. The second
ront ol hunps was conneeted tu the switehes of the
target-position micchadistn and indiealed the actual
pemition af the target. Fueh remaining row of lapa
was conaneewst ta the imlicator switeh of one ob-
server, howing that observer's judgment as to the
loeation of the tamet.

The lnmew were separated by sheet-metal partie
thape, furming a restatgeilar grid and coversd with
a sheet-mtal plate with a 1 j<ineh hole weated over
the venter o eace el Above s et plae, A
piecer uf plite glass, Bush with the top of the wable
rontaming the reconbing box carrie!d gaides against
which a sheet of thin pages 2l i aeately
pomithanal, A «eparate shoet of paper wae placed on
the glass for cach proventation of the target. The
recond nesistunt merked the parar above each glow.
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INFLUFNCE OF BRIGHTNESS CONTRAST ON VISIBILITY 45

SRR TR ARSI SRR ORI .

ing lainp tFignre 261, Toe dupiiente veeording hoxes
provided inetlities for reliet of the recording assist-
ant and were spares in ease any of the sicen laangs
fuiled.

The recc ling sheets were mumbered  censecu-
tively. For analysis, they were sorted according to
contrast, indicated by the position of the mark in
the first row, and the number of correet judgments
for cach observer was counted for that contrast.
Ineorrect judgments were indieated by marks in
columns other than the one marked in the »econd
row, In experiments with tixed central targets, the
handie was placed at one position (Figure 25) when
the target was seen nnd in another when not.

116 Observers

SELECTION QF OBSEFVERS

Very earelul eon clersiion was given to the selee-
tion of observeas, Although it was necessuary to have
observers with vision as gowd as that of nuval look-
outs the use of young men of serviee age was mail-
visable. ‘The number of suitable males available
war limited, and there conld be no nssuranee of their
ventineed availability for the durntion of the pro-
prain, Sinee there is no evidenee of n correlation of
visual ncuity with sex, young women were employed

PROJECTOR C

PROJECTION
LARD

A

WATER NEUTRAL

A
Nl

CondEnsLR
LENSES

ok

as observers. Also, although obsersatims Gig ol
oceapy all of the working oy and although as-
sistunce. was needed in many techrical tosks con-
neeted with the project, it was impracticable to

LITTITTTTRN.
awiren —

l-‘u:rm._ 19, Mechanism iop placing complementary
filicrs in projectors of Armangement V.

WOYOR - PROVECTION
OMVEN LENS
SNUTTER ’
\\

- e — t— . S ————

\

\
APERTURE
PLATE

M CORJRCTION WITN PRCCTuns A AND B
Furar 30, Projecine Aorsweremest V1 for  wojreting an ruis abont backgroumd daring 1he pesiod foe chanding osi-

tion ated conteael i Arsmtomeat V.
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Fistae 23. Projector Arrungement V1L for the projection of a fived contral spot.
1

specify wotuen with technieal or scientifie training,
Coliege graduates with promising personalities and
goud acadenmic records were seleeted. Almost withe
out exeeption these young ladien proved adaptable
and uzeful also ns computers and technicr] navist-
ants. All abaervers vere eitisens of the United
States.

Fuaee 24 Hamination areangeaient {or glassermt
targets,

Visval Begtinemexts

Viscal avcaity hetter than 20-20, without glanses,
was required of all ubservers, Although canplete
uphthalmie examinution of the conventional type was
given carh observer, no significant correlation s
found between the conventivnal data and the resulte
of the visibility tests which are the principal sub-
jeet of this chapter

LIVIXG ARRANCEMENTR

Rinee it wos necensary for the observers tu reside
at the Foundation, prier experienee with dormitory

Frnvax 233, lodieator switch st olrwever's wal

CONFIDENTIAL

»




e Ay e Bovge . © WENEAL AP SN e v 11 g O LRRERE ¥ | ‘!ﬂ’ﬂ?lw&"!

e IE

TR WS BT L Y T T A

Fiuionk 38, Recording table nnd method of e,

life wan ennziderd in the selection of the obsepvers,
Although not explicitly reeognized when the pro-
groms was planted, i beeste evident that the isoe
Intedl, aliwt eloisterad, Jife of the ubservers amd
the wendemie ntimosphere maintaine! in the Jlabora.
tory contributed in burge mensure to the sueces of
the program. The observers promptly atthal down
o the rtine with gquite stable levels of visual
attainment, amd it Kae possible B verifs resalis even
after o lupse of wany wonths,

Munivation

The 1ask of vhserviug targets of laninal sige wml
cuntinst every day for monthe in the snane sarmcml.
inge and lrequentdy in neardy total durknes was
very monotinovs aml exacring, Withunt a Iagh e
gree of motivation, the olservers probably could md
have continued the tark with n stable fevel of attain.
went. The motivating was to o lange extent self.
ercntu] amnd cousistnl of » lively interest B the
rnsults of the daily exporinents, The olscevers as-

sistedd nnd took much of the cospovsibility e tie
tubtlution and noalysis of the results, Conse ey,
vl obstrver was continuaily aware of her atimin.
ment relative o the other abservers and to the
avernge of the group, Although ne cinphinsis wus
Masel on competition, cach observer took some
mesest 1 maitauining, o ik anproving, the stand-
wnl of her rosizlts velative to the rpults of the gronp,
After the firsg werk ur s, eneh olserver reached ner
ultimate leved of attnimment aml swubsguently nwin.
tninsl that level with remarkable eonsisteney. The
consisteoey of the imdividual observers fully josti-
fiew the procedure, which permitted thew to have
knowlode of thetr own results

Fhe ubse: o were dapressed ™ interest
slivwn by officinl viritors who swlicated the need
(ur the information cxpected to result (o the
rem arch. Several naval «®eers tnlked to the zroup
* wdmervers amd other sesistnnts, sl this testi-
wen¥ concerning the imnadiate peaetical immor-
tanee uf this researeh resuited in macked revival in
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Wit duieics? i annaie oF the groap, The pueseie
in the stafl ol ~eviva! wives aud Saaedos of ovesseas
servicemen served to sustain the patriotic motiva-
tion during the lung and tedious monthw required for
the investi .iun of the tremendous range of visual
conditions of importance to the Services.

During a deluy in the program (caused by instal-
lation of & new heating aystem in ihe building), five
menmbers of the group were trunsferred fug nmonth
to the laboratories of the Fastman Kodak Company
in Rochester. These girls served as observers in the
related investigation of the effect of color contrast
on visibility (Section 3.3). They returned to the
Tiffany Foundation witl, a new understanding of
their part in war researeh and helped infuse new
enthusinsm an the larger group.

CONSTANCY OF PresONNEL

The staff of ohscvers suifered soe fosses and
requiren some replacements during the 16 monihs
in which tiie final data were obtained. These changes
were not numerons, however, and the sverage of the

results from the group did not exhibit serious

changes as 4 result of the changes in personned, The
group of observers was so pearly homogencous that
the average of the results for the group was not
changed appreciably by ocensaonal absenees of one
or two obssevers. The reader can demonsteate this
to his own satisfaction by omitting te datn for ane
ur two nheervers fron any experimient,

Usto ur Novrremsiear, Presoxsst aix Semsrirg
Respanen

Althuugh the equipmnent wis designed aml the
procedures develuped under the direetion of a n-
ber af eejontists and cngineers cmployed by the Tif-
funy Foundation at varivis times, the comiuet of
the experitients was the diceet rosponsibility o 1.
cent collee graduater. Mot of the expeninwental
proect e anc analyser were performed by the ob.
servers amd ndditional wonven  assistants, fow of
whan hnd aay techmieal teaining, The use of this
very v rativ of stafl wembers with technien!
training to thust without was au interesting atd, oo
the whole, successftel cxperiinent.

Tratx1xo oy (menven

The obeervers were reauired to indicate & definite
judment ainwt every prosentation of the taned,
regandioss of diffculty or conschousness of failuie,

Pladh nbett e vt et boornet plin da e el
enes, that wush Inderients wore correct much wore
frequently ihan she saspected. Consequently, the
abservers graduanlly developed an attentive, but
quite detached, attitude in which they searched dili-
gently but were not discouraged when the target
seemied to be hopelessly invisible. They “ased their
indications on the slightest suspicion,

Ohviously, some expericnee was required to eons
vinee cach observer of the effieacy of this attitude,
and considerable practice was neede to develop it
fully. Consequently, the lininal contrest for a new
observer, initially wauch greater than those of ex-
perienced observers, deereased rapidly during the
first week or two of service, Therefore, results fur-
nizhed by new ohservers were not used until they
hecame stable. The necessity and adequacey of train.
ing, consisting of at least 18 practice sessions with
a variety of target sises and background brightness,
were established by an investigation condueted at
the begianing of the program. The training proce-
dure conxisted of letting the nev observer work with
the group, howing her how her zeores compared
with her bapressions aml with the seores of her
companivns, nml ealling her attention to improve.
hert of her wores relative ta thase of the group as
she learned and cultivated the detached, confident
attitiele. This attitude was encviuraged salely bes
caune it gave the unwt reproducible resalts, and to
this feature of the procedures may be attributed the
high degree uf self-consisteney ol the final results,
as indicared by the closeness with which the experi-
wientn! points Gt snooth and  regalacly  spaced
eurves,

Althouph the wlscrvations wguiced great offort
and concentration during the first practice sessions,
rxperienee yiehled stable aut cficient porfurmanee
with 1 minimum of steain, Conversation and reeop.
ton of racdio programs weee peanitted  durig the
tlservations amed appearsd to pronea, rather than
interfere with consistent eloctoation:  Experienced
peyehopliveicists expeet 1o get the nwst consistow
bootts - fron peractioed abeervers whe make their
Judge o nts avtomaticnlly  withost Tl comscaure
awarcnres of the process,

e Fxperitveutal Procedure

Sumiy of previous investigatines aml expericaee
during preliminary experiments wvlicatod that wuch
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visitnl qeunty amd visibility could be attributed to
inaceurate photometry. Inadequate methods of pho-
tometry huve been tolerated in many previous
inv dgations heeause of a belief that the observa-
tions were not suffictently  veproducible or sclf-
consistent to neeessilate very aceurate photometry.
Adoptiun of the methods of observation deseribed
above and the use of a large homegeacous group of
observers seeured a degree of observational repro-
dueibility and accuracy never hefore imagined pos-
sible in visibility experiments. Consequently, eon-
venticinl niethods of photometry, especinlly  for
the messureinent ol low contrast and low bright-
ness, were found to result in ervors which were seri-
ous in compatisan with the precision of the visibility
observations. Irregularitios in the eurves represent-
ing the results tof lwival contrast versus ndapta-
tion bricht. cas), many thmes larger than the prob-
able error of the observations, were finully proved
to be consequences of inaceurate photometry. The
wehods of projection and of photomnetry were con-
pletely revised before the final set of experiments
was undertaken, so that the aceuraey of photometrie
apecification 1= equal or superior to the accuraey of
the ob=ervational haens,
Privioaeine Procen xex

M of e photametrie procedures used in this
research were based on the use of Standand lanpe
aml the inverse square law of illumination. A Mae-
Iuth luminaneter * was ciployed as o eompari-
son deviee, but no relinnee was placed on it enli-
brativn and ite seale was used only to determine the
rativ of nearly cqunl brightnesses, A photoeet] pho-
tometer was used unly in the study of the unifermity
of Hhanination of small portions of the sereen. The
Macheth illuminommeter was fitted with o toleseopie
attachment fur stidics of the uniformity of Ywight-
ner e Ineee arvas of the sereen, walls, fvor, amld
evilng. In all cases, however, absolute valics of
brightnacse were detennined by sotting up an oquive-
lent hrighiness hy use uf a standnrd lamp at & mens
uredd distutice iran a standant reflecting surfaee,

In conwe enses the stamdard lnonp eonld md pro
duce a sufeiently high or low brightness, ansd in
thee cases different Blters had t b used in the
ilhaninemeter during photonietric matehing of e
serven atnd the fst plate. The tmnemittanees of
these filtere were ealilicatedd in the ilhenimmcter by

direet application of Gae e s syuart law, Gsing
the standard lamp and et j:late.

Standard, Lamps. Three sets of thiree standard
lamps approximately 1,600, 303, and 20 candle
power) were used during the program. Four of these
lamns were calibrated at the beginning of the ex-
periments by the Eleetrieal T sting Laboratoiios
2 East isnd Avenue, New York, and were used only
for periadie recalibration of other lamps, which
were used as working standirds in the routine phe-
tometry. The working standards were calibrated by
moviag them to such distances from u test plate
that they produced the same brightness s the ret-
cenee standard lonps at known distanees. Shuai-
lnrly, the brightness of the projeetion sereen for
various experimental arrangements was determined
by producing an equal brightness with a working
stuncdard lamp ot o measured adistanee from o test
pate of known reflectanee, Each set of standard
Inmps wax enelosed in o boxlike earringe (Figures 3,
27, and 28) which covld be maoved on a teack to any
desired sdistanee from the standarnd test piate. The
interior of the carringe was painted black amnd wus
provided with several hafles which climinated stray
light, The lmnps were operntedd from stornge hat.
teriey and at the valtage speeified by the Eleetrienl
Tenting Lahoratories,

The Text Plate, Sinee thore was o diveet way of
determining the refiectance of the projoetion sereen
tfront wall of the observotion roumd, w stiaea
test surfnce war itluminated by the stamdara Iy
1Fynre 281, The hrightness of this sarface was con.
puteed on the basis of its distanee from the standand
Inmp and its reflectanee. The test plate was o picee
of upml glass, 8 inches in diameter, with an acid.
otched surface, This was supplicd by the Electrical
Teading Laborat.ries. which ~ertified the reflecisnee
for nurmally incident sthanination The brigh. ness
of this surfnee was constant within 02 per eont for
all anghs of ubservation wiin 15 degrees of the
normal, amd the phate was never wsed at greater
angles. The test plnte was pamted in the eenter of
# Inrge hinck sereen in under to minimiae re-illuni-
natum by light sefieeted fnoan the clate walls of the
olservation foum.

Por mensurenwnts of brightoese of 0.1 frot.
Inmberts and greater the Macs o il qucter
was provikad dith a telescopie attachment (Figure
201, This consiated ui 0 kens natinted in o tuly so
that an image of an area 4 inches in disnwier. at a
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distance of 660 1eer, was waaged siviply e eon-
parison ficki of the Hluainometer. Some light Jrom
gther avoas of the projection sereen also contribuied
to the brightness of the photometrie £eld of the il
Wanineinete, because of fens flare and internal re-
fiectisng in the telescopic tube, This stray light was
reduced, but not completely eliminated, by installa-
tion of baffles in the telescope.

rr';-\}

E‘;
|

Frovee 27 Housing for three stamdard 1o,

-

During calibraticns, the teleseope war used in
exactly the sanie manner as for mewsarement of the
brightness of the projection sereen, Ninee the test
plate used with the standard kau, vas only 8 inchies
i diameter and was meunted in the center of o
ack sercen, no npprccinble steay light was - ent
during caLbration. Conseepiently, an coror was
enusid by the steny light which was present during
the donsietivn of sereen beightnese, This error
war evaluated by experiment and found to be 18
per cent of the brightness of the surnainding sereen.
There was ne appreciable stray light during sicas-
urement of the projeeted light targets breause the
currvunding serven was dark during theee weasuere
ments. Consequently. o correction was nealed in
the desermination ot the brightness increments of
hright targets.

Low-laiel Phatometr . Spevial wathuds were de-
vised for the aceurate determination of sereen bright.

]
e
diionics
R
."" '

Frivue N

hatograph of arrungement of atandard

lamps, test plate, and bluek buckground for phorom-
eiry of uhservation roont,

Futar 2. Triephutumeter for phutometre of pro
Joeted tangets wind atidies of uniforiaiiy of brightt.css
of ohwersntion roum

nesses belew 01 pnstedamsintt, Thoswe  consistel
of wewstiring the hrightttess of thé gronnd glass
vo e andfor lighting vnite, ns shown i Figure 20,
aind .t brightness of the vpal ginss plate in Pro-
jecior Arrangement IV (Figure 15), ar seen through
the tens. Factore were dotermined by which the
Lrightss s« of cach sourve could be anliplied in
ordes te compute the brightuses prduced on e
seroen. These factors were deteriinel st inter-
weddinte levels of serven hrighiness fur which Jdireet
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52 TERCEPTUAL CAPACITY OF THE HUMAN OBSERVER

porthingtere and the grrenapmants
of the sources were kept stnctly unchanged for
lower levels for which the indireet photometry was
applied.

8 psychometric determination of a low-level
brightuess mateh provided an independent venfi-
cation of the foregoing wethod. For this test, a gray
disk (diameter 36 inches) was mounted in the center
of the white front wall of ilie observation room to
form a photometric field. When the room was lu-
minated with the troffer lamps, the gray disk ap-
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Frovag 30 Mucheth illuminometer armnged for pho-
towetry of lowedevel ttaffer Tighting-units,

peared darker than the surroumnding white sereea,
Additional light was put on the disk wloue by use
of Projector Arrangement IV, Two shghtly dificrs
ent degreve of illumination were provided by the
projector. on ane ease, the disk wan just brighter
andd in the other it was just darker than the ser.
rouncling white sereen,

These inereient of illumination were projectod
on the geay disk 84 tinws cach in a random order,
The olnervers were anked to indiente for each prese
ontation whether they judged the disk to he bngiter
ar darker than the surrounding sereen, The propuse-
ticns of jwdgments “hrighter” wese plotted against
a quantity proporticnal e the brightness of the
dick. This quantity was the hnghtness of the see.
ondury source of the projection system. which was

e ®eippriv hieignter than the disk itself a0 that direet
vhotometry was ieasivle 1or all sdaptation ivveis
at which tie disk was used. The factor of propor-
ticnality between the brightness of the secondary
source and the brightness of the disk was deter-
mined at an intermediate level for which direct
photometry was adequate. The brightness of the
screen during the psychometrie comparisons with
the disk was considered to be the brightness of the
disk interpolated so as to correspond to 50 per cent
judgment of “brighter.” The brightness of the sercen
determined in this way confirmed the value com-
puted by applying the exlmimental factors to the
brightness of the lamp units in the irofers.

Contrast Determimation. {n order to determine
contrasts with the greatest accursucy, only the maxi-
mum increment of brightness was mensmml directly.
The four smaller contrarts used in each experiment
were computed by multiplying the maximum con-
trast by the transmittances of the filters through
which the inerementa! light was projected. The
transmittnnees of these filters were lneasured in the
projectar system at levels of brightuess most favor-
able for accurate photometry. Consequently, the
pwducts of these transmittances by the maximum
contrast in any experiment were more aceurate than
direet measurements of the reduced contrastys,

Similarly, the brighthess inerements of the tur-
gets projected in experitents at low levels of adap-
tation were determined hy sitreet photometry with
all filters removed. The measursd value vas then
muiapind by the wunsinittanes of the fier oo
bination used to deternnine tae limen,

Measurcment of Filters, The transmittance of
each filte~ combination was determned by wmeasure
wents ut lngh-brightness levels, For theee measure-
ments amt for the measurviient of the contrast.
contral filters, groumd-alnss plates were nserted in
the projector between the Altens aud the prajeetion
lens, Various nunmbers of ground-glass plates were
usedd in different instanecs to provide o brightnes
level favorab'e for aceurate photimetry. The bright-
s ol tae foenest of thes plates, ae seen dinagh
the fens, wa ueasared b e of the Sedaphotomeier
and the stantand-kanp wethnal of cvaluating each
hrightnes setting. The aightness of the furenust
grond-glane plate wae vwersaired with atd withowe
*he filter in te projretor, The oatio of the bright-
ftwses Wi teken as the effeetive transmittanee of
the Wlter.
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of the observed contrast, Jdepending on the target
position and loeation of the observer, were caused
by the slightly glossy surfaze of the screen. Thee
variations wore measured with ihe telephaotorwter,
A incthod was evolved which permitted this second-
order effeet to be allowed for in interpreting the
data.

The effect of varions iarget sizes on the projected
brightness was also studied, and there was found
to be no significant difference. The distribution of
brightness over the area of the larger targets was
studied and found to be quite uniform. The effeetive
arca of the smallest targets wax determined by
measurement of the total flux in the foage. The
angles subtended by the smallest targets were com-
puted from these resuits to compensate for imper-
feet image projeetivn amd for stray light at the
cdges of the image

Photometry <f Small Targets. A lens was usad,
as shown in Figure 314, to image the ends of the
glass rods in the ficld of the Macheth itluminumeier,
jur routine measurements of their hrightnesses. The
efects of mmnute imperfeetions on the ends of the
glass rrels, andd of the holes through which they were

FETVRUST PPN RRNPTYPSYYIPIOTINY FEVOE PIVE I IS T TAPRNAE S PRPIN L

cter shown in Figure 3UB. The vl of eaet glass rod
ana ity immediate surroundings were image!? m tie
aperture of the cavity, The interior of the  vity
was whitened, and the brightness »f the porty.a of
the interior viewed through (he phetianeter was
proportional to the flux entering the cavity., The
averaze brightness of cach glass rod was taken to
be the brightness of a large uniform xurface which
priuved the same reading in the fax photometer,
multipiied by the ratio of the aren Hf the opening
of the photometer eavity o the arca oi the image
of the end of the glass rod focused in the aperture
of the cavity.

Computation of Contrast. In all cascs, rontrast
was computed by dividing the difference of bright-
nexs between the target and background by the
brightness of the background. Targets brighter than
their baekgrounds, therefore, had contrasts ranging
from sero to infinity, while targets darker than their
backgrounds had contrasts ranging from sero to
one, Sinee the difference of brightness was produeed
by projection, thix increment wan measured directly.
This avoided the gross ereons which rexult from aub-
tracting two nearly equal quantities, both of which
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Firam 3. (A Murboth illunnometer arrangrd fur routise photomeiry of glaserod tasgrts. (11 Macheth (Hamie
nomtrier arrang o for cvaomting svroge heghtnon of glasssod targets.
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WO D SU0JEEL 10 CPIOes cutapnn aing D
to their difierenes,

a8 Psychometric Procedure
CRITERION oF ViISIBILITY

The basie expecimental taxk was to determine the
eontrast which produeed a standard degree of visi-
hility for eoch size of target and brightness of back-
ground. The standava Jdegree of visihility, or eri-
tevion for identifiention of the contrast just visible,
was that for which the locstion or presence of the
targey war reported corvestly just 50 per cent of the
time, due aliowance being made fur necidentally
correet or chance reports, For exanmple, when there
were eight possible positions of the target, e nei.
denee of rundom guesses would be expeeted to yiekd
une correet report ot of every eight respanses, The
eriterien o visibility adopted in this investigation
required half of the remsining 87% per vent of re-
ports to be correet. These, in addition to the 12%
per cent attributed to chunee, correspand to 584,
per cent correet responses, which was the seore em-
ployed fur the determination of Rminal contrasts
throughout this investigation,

Thix degree of sueeess currespontds 1o n very Jow
degree of self-assurance but gives the most accurate
and statistically reliable determination of the de.
penddence of visibality un eontrast apd adaptation
Inightnese. Littinul contracts, or tannt sizes, deter-
mined by use of this eriterion i the unstrained eone
dithns of the Inbwratory, puy or may not Ie Jeas
thas: the contrasts and sizes of targets sighted under
the cuneditions of diseamfirt and violent distarbanesr
hut extremely great motivation of navel bwdouts,
It can be safely assunwad, lnswvever, that any change
af ronteast or backgramd brighttes will prselies
a change of e of detection accumivly progpmre.
tonal to the chatgte of range prodicted on the hasts
of che Taboratory data. The wee of the eriterion of
viethihity ami sopulitions of olwervation which yiehl
the wiost arevrately cmcistent labwrntory data is,
therefore, justificed and nercesary,

Tamexr Pauskk1amioy

Each cvperiment used 8 single dize of targe* anid
a singlc Loightness of backgraind. The target was
rxhibited with fve differeat contrasts, te mtine o
which are speeiied in Section 323, 1t «ulees 'wir
to swntion thet these Bxeed matier, with the wini-

. men o cvstatnde e e e
i, were fousd suitable for the detenninne.
tion of wdequate psycliomeirie curves for all vagudc!
sizes und at all levels of adaptation, For cach size
of target and background brightness, a short pre-
liminary =eries of ehservations was mgde to eonlivm
or correct the choice of the maximu eontrast. The
requirement on this adjustinenc was that the most
sensitive observers should correetly report tie loea-
tion of the target for less than 56 per cent of the
presentations at lowest contrast, aned that the least
sensitive observers should correetly report i jova-
tion of the target for more than 58 per cent of the
presentations at highest contrast. For groups of
nearly equally sensitive observers, the tdrget was
reported correctly (or 92 to 97 per cent of the pres-
entations at maximum contrast and for 13 to 22
per eent at jowest contrast,

Urder of Presentation, ‘Yhe five contrasts were
presented in random order. The order for cach ox-
periment wis governed by a sehiedude prepured in
advance by recurding the ordee in which numberad
cards occurred in o shuffied deek. This deek con-
sisted of 16 nets of 3 cards, cach numbered from
1 to 5. Preparation of the sehedule from this deek
arpred that each eotteast woubld be presented 16
tinwes duving cach group of 80 prescutations. This
deck was reshufed after the sehiedule for cach 80
ubrereations had heen copied.

For the Bepmsition experiments, the position of
the tanget was alro governad by n pre wrrangel
seheddule detenmined by means of five siufhed deeks
of 64 eands cucl One of the five decks was assignel
to vach contrast; and within each deek the eands
were marked UNortht “Northeast,” "Fast,” o
eetern. Whenever a given conteast was ealled for
by the ek of cands deseribod in the perending
parugragh, the top eard wes taken (v one of the
five peitioncimlicating dock . Tho saemrte hasine
each of the five comteaets were presental in cach
of the cight fuwitions cight tinwes, This retice of
presentatine cunstituted one experiment. In onder
o provide rest petiods, cach series of 320 (deerva.
tane wne il gt 0 oo g of W oleerya.
tions cach,

Reat  Periods, Rest perinds  were  aohedubed
througinat vacl cawrivant {o the eave of the
- pnwitionn tests, the regular schastule inchidest resie
of 8 winutes” duratew, with the ohervers remaining
in the cdwervation fuom, between (e first and sce.
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the evperiment. A rest of at least 10 minutes vutside
the room was sHowed ut the end of the seennd uar.
ter, foilowed by 10 minutes” adaptation in the room
before the hird group of observations was eom-
menced. The observers were adapted for 5 minutes
before beginning cach group of observations at 10
snd 100 foot-lamberts. For experiments in which
the brightioess of the background was 102 foot-
lambert or Jower, the observers wore stundard Navy
dark-adaptation red geggles during theire rest neriod
vutsde the observation room, The schedule was
fiexible within Hmits which assured adequate rest
and adaptation. The noral duration of a group of
80 uhervations {16 minutes) was sometimes length-
ened by delays for adjustiient of voltage or other
contingencies. Sinee these delays gave the ohservers
some unscheduled rest, their seheduled rest periods
in such ensex miche e redueed slightly, The total
duration of the st or thind quarters, plus the ca-
suing rest in the observation room, was never less
than 21 minutes, however, and the rest perimd after
these quurters was never less than 2 minutes, Ocen-
siunnlly the available tme was used to Ietter ad-
vantuge by running the first half of an experiment
befure a meal and the secomnd hinlf afterwards. Sone-
tinww, by commion consent, the obeervers remsined
in the oheervation room between halves, so ns to
save the time required for re-aduptatiop. The time
at which vach porticn of the experisent was begun
and finished wan reconded,

Neguenee of Operations, Fach proscntation of the
target davedvid n oserivs of operations. During the
interval between presentations, the filter wheel wase
rtatedd so as Lo place in the projector the filter
spweifivel by the sehedule, The uperator watelust the
seeomed bl of an chetrie clock aml at the apprse
printe instant opemsd the shutter. This operaiion
ciustel n lmager to sl as Jong as the shutter re.
wiainesd opea, informitg e olservers that the target
vae on tie seeven A e cinl of the s sposure, the
wperator chmed the shutter aml wljusted the flter
wheel aml target saeition fir e oext prvssutas
tiven,

Heconding of Data. During each prvsentation of
the target the observers indieatid their judgnents
af e Joeatior of the it by tumning thee
emiteles tu e rorresponiliog juwitions The roeoanl-
g asastant placal o tissue sheet, aumberad ee-
conhing o the serinl nntier of the preseniativn, on

cin Tovuieiaiig Boa A0 INETRed &rodhee vaeit igniey
Tamp with a penetl, thux reeacding the aetunl eon-
trast nad postuon of the turget and the judgments
of the ohaervers

ANALYSIS OF THE DATA

Eight-Position Erperiments When G oxperi-
nient way complete, the 320 record sheets were
sorted according to comrast. The nunber of correet
judgments wax counted for each observer und for
cach vontraxt. The proportion of eorreet responses
was computed by dividing the number ot correet
responses by the total number of presentations,
These proportions were computed for eneh observer
andd for the group as a whole, From the proportions
of correct judpents ut the 5 degrees of contrast, it
was possible to plot prychometrie functions for the
severn! nhserveps and for the proup of ehservons
as a whole. The limen for any observer was the
value of contrast cortesponding to 36 correet re-
spunses in a series of 84 presentations, a projortion
of 0.6425. The lhnens were coputod by the Urban
copstant  process, ™ pather than by geaphical or
lincar interpolation, in order to employ all of the
vhaervational data rather thap only those for the
two contrastx yiekling mest nearly  laninal ree
vhonses,

Ningle-Poaition Experimenta. In the singlespuosi-
tion experiments, the liminal contrast was deter-
mimsd by interpwlation between the seores for the
contrasts actually used. [1 was that contrust fur
which cach obmerver peponied the proence we the
target correctly an 30 per cont of the instaness, due
alluvener heiag mmbe for ucesing. Cluessing that o
target was present, cven tough it visible, wae dise
et by the knowledge that in (rspent ine
stanees we farget wos projected, The residunl ~fvels
of guesswork were at least partially compenseted hy
divihing Lie lreurrces seares Tur all contensts by the
irartimn of lamet absenees which wees rorreetly
nqurteed as such. The prusrttin of correet nee
spumece was comequently svdueed by this cnpen.
sntieh The cnsisteney of the reuits was ingirneed
tuvattse tie: sty gueesing by eneh e e
Huctvated el more vedently T day to day
than the adjusted seores for the severnl fontrasis.

The single-gumiliogy eXpeensnls weaniiy iveivnd
shest Mo hervalions. Grenier aunmbers of obwer-
vatinas worthl be expeetes] to imphive the jercision
of the nsults, but i mnet cascs they combd ot be
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Esech of the single position cxperiments ineluded
caual numbers of presentations fur oo Guite differ
ent cbrervation times. These two sets of presenta-
tions were intermingled in random order. so that the
efficcts of fatigue wonld e cqmatizged. The rearits
for the two setx were compared, an'd their approx-
unate equality wa~ taken as proof that both obser-
vatwon times were sufficient. The results for-the two
sets were avernged to obtain the final values,

Recorn or RE<pakcH

The determination of liminal contrast for each
target sise and field brightness was considered a
separate experiment to whieh at ‘cust one full ob-
servation period was devotel, Separate reports of
procedure, photumetrie data, and observational re-
sults were prepared for each experiment, and the
complete rovatd i< a document of more than 2,700
pages, d senoing over 200 separate experiments. A
complete copy of the recond is included in the micro-
film supplement to this volume The report of
each experiment contnins a tabular summary which
includdes the proportion of the respanses correet for
cach oheerver and earh contenet; the liminal con.
trosts {or each obecrver computed by the Urban
wiethad; the fiminal contensts fur the group, cun-
puteed as the arithmietic mean of the liminal con-
irnsts fur tive ndividual chactvers; and the standant
deviation of the lininal contrust fur the group.
Table 1 is an example of sueh 1 sunvmary,
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Eigr-Position Eareniviennis

The liminasl contrasts of round targets brighter
than their backgrounds, when the targers conld ap-
pesr in any one of eight posUons, aiv shown in
Figure 32. The observation time was 6 <cconds in

IR

j . * &:K\

3’ NN .

{ NN TR Y

; ! ~ ) o
T

R p DL
L0 ABATIATION RRNTEERS (0T LANBRSTS)
Puitae 32, Liminal contrasta for round  vargets
hrighter than their brokgrounds,

Pight-pomitims § sovomle aherryatmis L. Angprise b
tener ul thamuwtre 1o shown L sl red ol tight of e eurve,

ull caven represented on this diagram, Fach curve
represents the data for a single target sige, the
angular subtense of which is indieated to the right
of the curve, in minutes of visusl angle. The bright.
ness of the hackgroutd, expre.sod in foot-lamberte,
1= represcnted on a logarithaie seale thase 101 along

Tutg b Pavvhotuetre data fir o Ivpacal Bjuwitud cxenment.

Target ruvebat! b ghiter than lombgropmt  wddrme (31 woamwtee . Lavk s

wrwgel lorghimree JiD fred oudette

vhotelbng 1 1lea aloom 1y g

LY} Ty Y L

R - Y
Lo Contrasta Contrwet
No [ TN 0™ U aie LY. 1)) (7. 1) omMn lyenen

! e N X 031 o4 oA (1 TI (Y-
1 M X 03N v st om *
1 Kk 0.1 ol 2480 oy ] I 5900
4 MC C et omi 04Ty el s ! o
e 11 ] Coma osm o (7 1o ! LY )
t MR et LY " (3 ™ (3 H i or—ew
. vRM um 04 30 e sw o . (T
] Bl nes 0.4 tm osn ome |  osoem
0 =i (1] om om omt oamn » oy
CONFIDENTIAL




2

INFLUENCE OF BRICHTNESS CONTRAST ON VISIBILITY 57

IS D VR, v . T =
FOPT TR S O S 0 O AR PR

per eent tabove chimneet frequeaey of sorveel re-
ports hy the grotp of observems is shown on a verti-
cal logarithmie seaie.

A greater sumber of experiments is indieated in
the neghborhoad of G001 foot-lumbert than at any
other uduptation level, These were obtained in order
tor verife the eyl tenee of te diseontinuity of slope
indicated by the curves, Thix discontinuity s at-
tributed to the chiange [renn vnievision, which is
most effective at low levels of adaptation, to coene-
vision, which i effective at high levels,

Repeated Erperinients, Scven open cireles shown
in Figuee 32 indicate the results of cxperiments
which were repeated during the seriex of dark-target
experiments. In these eheek oxperiments, the bright
targets were produced by Projector Arrangement V',
with which at least purt of the barkpround bright-
ness is produced 1o the projectors. These eheek
experiments senved, therefore, to prove the equiva.
lenee of the observing conditions used for beight awd
dusk targets. They also indicate e censisteney of
the ubservers over a span of muny months. Theee
ts one cheek puint for each of the four upper curves,
and theee points on the Jowest curve, The point on
the curve for 18.2 minutes ix st exactly 0.000 foot-
Inanbert waal is w0 nearly enineident with sne of the
original points that it may not be visible in the

< reprisluction of Figure 32.

Dark Targete, The liminal contrusts of roumd tar.
gets darker than their baekgrounds are indicatod
by the experiment points shown in Figure 33. These
vxperiments were xactly comparahle with those
Jor the bright targete, The rurves shown in Fyre
33 were interpotated fram Figure 32 (or hright tar.
gels having the smne sises ns the targets sl in
the darke-target experients. The clusencss with
which the rurves fit the experimmental pointe 2 an
imbicntum of the cquivalenre of light ami dark con.
teasts in visibility phenomena,

Sexutk-Postrion. EXPERIMEN TS

Figire 3 shuv s the results fur light tariets which
wen e ssiot i enly e brabuon o the sereer
and which were olscreed for ac kg as was requined
wneler cach set of cotditions in onier 1n obtain the
highest pessible fre. seney of correet responses. As
wention. | in preceding setings, the precision of the
rrsults w s bower than in the cight-position experi-
neents. In oeder to avohl ¢ miusion, the expetimental
-nts are shown for only the largot aml smallest

kU Phatae 1000 an enn v Loig N ALLGJILLL 1oy

levels are given in Table 2.

Tamix 2. Minimal contrusts for visibility ; creulur
targets brighter an their baekground.

(RIS
s antrast
(arith. menn)

Asdaptation
hrightness
(foot-lnmberts)

Visunl nugle
tmin of are)

. 71.90 0.003024
121, 7081 0.002333
182 738 0.003448
968 478 0.00R83%
0.505 7142 04785
380. . 1038 0.00351 1
i3l 1108 0 003689
360 1nos 007759
0.508 o8 08804
380, 05568 0.002400
121 0 8488 60036820
852 0R850 0003064
182 L 0.00508\
380 [ 0.04745
0503 K 9 1538
e 098 0.008081
12t o0y 0.008132
332 0.1014 0.008707
82 0.103% 0.01070
288 0.004w v 02129
0.503 000800 1058
00 001308 0.000063
2. 001323 00158
832 001384 003050
192 001 M8 (4. b
68 001280 0oM2
180 001298 04138
0508 GoITMm (AT Y
o (T3t 00870
12 o002 € 04388
a2 0001192 0 070G
2 00011 oni
‘i oot (1 1}
im 0001004 R LIS
0.0 agolie 1t
» 0001008 L1 R ]
" 060103 [T - )
(] J naoM %o 1
LE ] 0 oo 104 AToa
. DL oun
m o omnioKy n =
(L} o onabiea) 1
Dy 0 boooio? 1M

WU aagh U0 eagnittes of tine liminal rontraets
Ay Cstermitas] ey accomtely by the single-po-
sition, nbg-rdecrvatiom techninue, the shapes of the
curves were i tomimyd witl, greater preeision with
the ript tepewitz o owthioed. Consepuent . cutves
baving snapre ¢ shmilar as peesible 1o those in
Figure 32 ha- - ixrn Ritest 1o the single-position e-
sulte aml are shown in Figure 34, Ao, it was
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experiments with iargets qotker then their back-
Zrovnds, beeause the precizion of the results would
have been insufficient to Jetect any differences

iy -3 -2 5 ° v
LOG ADLPTATION BAMMTNESS (FOOT-LANRENTS)

Fiovsg 33, Liminal contrasts for round target< darker
than their baekgrounds are shown by indieated ponts,

Curve sliaw liminal contrasts for bright torgets of aome size,
imerpointsd from Figure 33,

W

G PRI LER I CPUNELEE TN B b rashee R oenet.

tion method.

The dependenee on contrast of the visual angle
sabtended by a barely visible ecircular object is
shown in Figure 35 The several curves are for dif-
erent deveds ol avaprauon, which are sperified in
foot-lamberts at the lowe. ends ¢f the curves, These
curves were obtained from Figure 34 by graphical
interpolation and theeefore indizate the minimum
target subtense visible when *the location ot the tar-
get is knewn exuctly and when the time of scarch is
essentially unlimited. The curves in Figure 35 are
given in tabular form in Appenedic A; v o fram
this tuble should be used for all calenivtions.

vat0 The Effect of Target Shape
The effeet of the shape of the targel on the Hm-

inal contrast was studied with the single-position
method, By these experiments, the limina: contrasts

|

LOS LIMINAL CONTRAST
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LO0 ADAPTATIUN BRIAVTNESS (POOT ~LAMNERTS )
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Provas 35, Angular ubtense ol just visible cincles aa furetion o contrast, Tor varions baeigeatad hrightdess,

tSee Appeadixc A Tor o Gbibr sy of thas figwes)

oi squares and cireles having the sane aren were
found ta be equal. Rectangles of varions shapes and
sizer weee then etudied. The ratio of the lininal con-
trast of a reetangle to the luwina! contrast of a
spiare af circle having the same ares Hfor the same
buekprouwl brightnesey s ealled the [crn factor.
The form faetor is always unity or greater, Expen-
mentally determined forn factors are shown by
puinds in Figure 36 for o backgroumt brightnes of
HY foct-handwats and in Figure 37 for an eve mlbupted
1o 35 foot-lambers,

Foum Faoron Turony

The curver in Fyures 38 amd 37 represeni the
variation of forn faetor with angular rrea predicted
ah tnretien]l giadaas that may be summaniged ¥
thus.

Fhe lminal contrast of a netanle v the geowict-
rir menn of the bininel cont-nats of syuarcs having
sidrs cqual v cowal target aubit, sxe Lo vhe sides o}
A recrangle.

11 i<t be nuted that she side of a apiare f equal
aren sitbteids D538 times the angic subtemicd by
the diameter of o cirele, Since the linnal contrasts
of a suate aned ciecle of squal aren ' oequal, the
hinvnal conirast of a apware s indicated in Figure
35 by the abeeiena of the eutve tar the apnsoprinte

nduptation level dor the oodinate obtained by
adding 0032 to the logarithn: of the angle seh.
teaded by the side of the square. Conseqaently, the
predieted lminal contrast of & roctungle is indicatuel
on the logarithmic wbhseissn seale of Figure 35 oy the
midnaint betwoen the abseisus cuosponding to
the anpulsr subienses of the sides, chat s a0 nb-
nates eipte] to 0.082 plus the lugarithms of the visus!
angle (minutes) sudtendet hy the wides.

3 INFLURNCE OF COLOH CONTRANY
ON VBILILITY

In tie bope ol discoverig o gt careelation
botween the ofeete on visihilty produeed by eolor
econtrnet il brightness  contrast, s Pa<tman
Rodak Conpany was asked to study the vl
aruity of a hoapenvous gremp of abserverz o
Whaitt buth crdored targets and geay targets were
peeveated In s o werbovnts, the anaty cheeind
with any codor cuntrast was rpecificd oy tine bright.
nesn contrast which produes! the same aeyity, The
utliy of s mode of speetication apies e the
taet e ® B is rearty independen ol Earepres
atrong narniai obyervers, shiape of Larget. snc adap-
tasen hvel jat Tast bhetween W02 amd 1O font-
lambart i
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Ficukg 36. Fovm fnctors for rectangles,

Cireles, 100:1, triungles, 101, squares, 4:0. Brightoess 1t Lackground: 10 fost=lamberts,

furm factor witi, sise,

By specifying the influence of chromatic contrast
on scuity and visibility in terms of the ¢quivalent
achrotatic ~ontrast, the results reported earlier in
this chiapter cai be exteaded to include the general
vase of combined ehromatic and brightness contrast,
presunmh!y for ell levels of adaptation.*

3 Earlier lavestigations

Earlier studies of ihe infloence of color on the
pereeption of form have beea fragmentary and al-
moet eniirely quaiitative. The essential phenomena
bhave all beeg deseribest previously but without
nuantitative spedification, Langley 11880)® pro-
posed o mwthod of heeroctiruiatic platonwtry
taved on the fact tor assumption) that visual seuity
v o {unction ol brightncas only, regardles of the
color of the light, The validity of this method was
testrad and confirmed by Bender (19100, who de.
termined spectral luminosity “urves for several ehe
srvers anit compared these with the curves obtained

s
® Thiv imvetigahies ~ e not intembid to cxplors the cfeets

Gheeai angle, adaptation, atnd rontrest on the recagnition
ol rolue e such.

1.6

Cutvea ivjues-ot thearction] vanation of

for the same observers by flicker photometry. In
these experimenis a Snellen-type vision test chart
was illuminated with monochromatie light, the in-
tensity of which was varied unti! a standard value
of acuity was obtained. Brightness contrast alone,
albeit with highly chromatie ligut, was invoived in
these experiments.

Acuity with patterns involving ehromatie differ-
ences was indirectly studied by Lehmann 11904) 1
Benussi and Licl (1904) 3 Lichinann (1922),% and
Koffka and Harrower (10317 None of these
studies wus quantitative, but the evidence was con-
clusive that chromaticity difference nlone produces
very little visibility in the ahseace of brightness dif-
ferences, Lichmann reported that forus are difieult
to perecive when the brightnesses of the figure and
ground are cquated, although volor diferenecs the-
selves are seen must clearly under these circuin.
stances. Koffka and Harrower studiesd this appar-
ent anomaly, eonfirned the difirulty of pereviving
forms consisting of colurs different from but syuated
in brightness to their backgrounds, aed reported a
difference in thie respecet between the color akin
to blue and colors wkin to resd. Thus the Lichwann

0.3

X 0.8

&
- °o‘

§o.t I N

s T ]

ol 0 '

] 3 4

LOG TARRET ARC), (BOUARE MINUTED)
Futas 37, Yo fuctor (o ivetangle 800 misuies long. 4 minutes wide, on hevkgroumd Unghiooss of 1072 fontdan-

o, (Curve shous theomtical vanahon
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least visible for biue, green, and violet figures o
equally biight, aearly neutral grounds. Conversely,
red, red-purple, and orange figures were seen maosi
casily on ¢ atluiinous backgrounds Present judie
cations are that this difference is attributable to
the much higher purities of cbtainable red, red-pur-
ple, and orange colorants comjpared to the purities
of maderately bright blue, green, and viclet mate-
rialz. The distesbing influenee of this eircumstanee
can best be detected and eliminated by quantitative
specifiention of the colore employed, This is one of
the objectives of the present investigation. Lieb-
mann, and Koftka and Harrower relied on verbal de-
scripticns of the subjects’ perceptions, which, al-
though interesting and instructive, are not useful as
a baris for estimating the effect of chrnatie eon-
trust on visual scul.y.

Acuity was stud'ud with Landolt ring test pat-
terns teade from Ostwald colored papers by Hart-
inger and Schubert (1840)* and Schacfer, Kiictotl,
and ven Wolff (1943).% The avowed purpose of
these invertigations was to determine the infuence
of colored sjactucles on vimbility and acuity for
pattenis containing cliromatic contrasts, No effort
was made to eliminate brightness contrasts, and it
is not clear from the accounts whether the brght-
nesx: difference was climinated in a single instance,
The coloes were speeified only in ters of the Ot
wald notations of the papers used, and specifications
of the mAucnee of the spectacle glasses on the col
ors were confined ta their effeels in changing bright-
nens contrasts, Little enn be gleaned from these ex-
pariments as reported beyond te faet that bright-
nevs contrasts exert a predominating influence on
acuity even waoen combited with considerable chro-
matic contrast.

A report by Langstroth, ot al. (1943) 3 Viaddily
of Tarycts in Relation to Night Sereening (where
srrgeni~g dinotes cuncenlient) presents the results
ol tests with lasge targets 153 minutes minimum vis-
ual angle), ki levels of Lrightness thune groater
than | fuut-lambertt, in which simple judygmenta of
disappenrance were repariod. The results for geay
on gray indicate & contrast linen of lese than 1 per
cent fur large targe'y when the brightnew is 1 foot.
lambert or greatvr, The contrst lonen b reported
to increzs from 1o to 10 per cont ahen the bright-
ness is dectessed fron 10 to 102 fout lambert.
The lunen for dark on light s reportcd to be the

to be nearly independent of size for al! targets sub-
tending 1 degree or more but increases very sharply
with decrease in size when the target subtends less
than cne-half degree. This effect i much leas for
brightnesses greater than 0.1 foot-lambert than for
lower brightnesses. Resuls of observations on the
visibility of colored targets at night arce all ex-
plained on the basis of the Purkinje shift uf the
luiinority curve. The brightness contrast is com-
puted on the basis of physical rather than nsycho-
physical data. These facts indicate tuat the possi-
hility of contributions of chromatic contrast to
visibility was not considered, and the report yields
no information on the relative importance of chro-
matic contrast as compared to brightness contrast
in determining visibility or acuity.

132 New Results

The following disgrums (Figures 39 to 411 show
for each specificd condition of observation the
achromatic brightness contrast which would be nee-
cesary in order to yield the same visual acuity or
visibility as any selected colot contrant. These din-
grams conrist of “contours” in the standard chroma-
ticity dingrame. Along cach contour the equally
effective achrumatie conteast is constant. Such con-
tuure ure shovn fir equivaient achromatie con-
trasts teae ) of 5, 10, 15, 20, and 25 per cent. In
some (nses these contuurs are incomplote, and in
wthers fragments of contours for higher cac are
shown. These dingrams sre the results of conscien.
tivus offurts to establish aml represent the facts
correctly, but in the last analveis the diagrams are
taned largely on personal judgient concemning the
significance of the experimental data,

Tl actuni data®™ are very ereatic and confliet in
many details with these diagrams. Ressunable rop-
resentations of the results cannot e “blained by
any strietly ohjective or statistical treatment of the
experimentul Jdats. Fluetuating motivation and ce-
cnieral imlispositions of the obscrvers contributed
ta {1~ irgegularity of Ui diata and have been taber
into considerntion in .nanncre and extents which no
statisti ml treatment of the detn wonld sermit,

Goamr= « e Dara

For chromsticities beyond the domain enclosed
iy the contours, estiinates may be made by extra-
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Frovae 3. Standand (0L chromaticity dingram.

Inier curve indwates e gaiat af et htainalde Ly u

1ol proeess of color pristag. Most s of gt Ge within
thas gnimue

o

0

-

Q)
s
a2 ~
d 1
i
oy —v—
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polation, but considerable uncertminty must b= «:.
tritbutedd to such values. Extrapolation is cepecialiy
vnrelishie when acuity is in question. because the

cfforts of chpomantin ahareating af the evn haeomie
serious for chromaticities beyond the range covered
by the contours, Such extreme chromaticitios, how
ever, are rarely encountered in field conditions. An
idea of the gamnt of colors covered by the ea.c.
contours can be gained by comparing them wiil.
Figure 38, which shows the extreme range of colors
obtainable by a modern proees. of color printing.
More extreme chromaticitics are seldom found in
nature.

ComparisoN oF EXPERIMENTAL PROCEDURES

Figures 39 through 41 ore all based on tests of
visual acuity, requiring reporis of the loration of

Foam 3 1T chnamatieny de g
U omtaiy deate valume 3 8 mgaes sbeld el ntie meitas
o e draoes rahats ey s Mue Larbgtoosned  ( \fuhorti |
PR Eros amdeates the o we sl She Soarb gt el

the gap in o Landait brokeaerirels test pat.ern. Ex-
peeimente desigted to canpare the reaalts ohtained
with Landolt ringe and with cirealar sputs twhich
might appear in any one of cight ceeontrie posi-
tiona) were perfornwd very carly in the investiga-
tivh, Figure 43 slowe as functione o oxeitation
purity, for venous diinant (amd complensentry)
wavelengths, the cae. of s yppnsimately
vaual ju hrightness Lo ilan ineebnt ache quatie
aervtiml, Lol on Ha detection of the presence of
n osmall ouet. Figurs 44 shims sinmlar rosulte ub-
tained vder the same comditions  aith Lanelolt
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Futan €3 Fyutakat achromatse roatest of colory approvimately copaal i hrghtaees to theee arlrmanr o
coaemd b ool on the ddetertum of the jovarnes of 2 cemall spat
st tungrter temp  Adat lewametiter 303 d-grem K

ringe. Figure &4 was derived ftom Figure 43 by wnline cygure 48 wa denvel in 2 similar manner

ktting the putivics cu-tespunding t the indicated  from Figure 43, _
'\'-alm of cayv. (or the several donnnant wave- The general trends of the reeults indicated for
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in Figures 45 and 4€ for Landolt rings. The mont
notakle exception is indieated by the curves for

LY
A

.

Seene \ ’
4

Y PO, g G breemdbernasrenfimmesdhesmamgie

P ] " B R | T

Frivax 44 Duts from Figure 43 plotted on the 10T
chromaticity dingram
dominant wavelength 612 millimiervns, in Figures
47 and 45, The failure of the curve in Figure 45 to
rise as sharply for high purities as the correspand.-
ing curve in Figure 43 s atteibuted to the effects

of ppperreatte sboseesl e e LT it o

the ohservers' eyes.

This conclusion wus coufinmed by the conscious
reactions of the obscrvers, who reported the red to
be very prominent, so that the spots were easy to
find, but “fugsy,” so that the gap in the Landolt
ring was dececte! with ditticu'ty. Similar reports
were irade in the case of blue, blue-purple, and red-
purple rings of high purity, the last being particu-
larly exasperating on the strong green ((5/8)
buekground. Deepite the eomsisteney of these re-
ports, el of which were un-olicited und many of
which wrre independent, littl: evidence of the effect
can be found in the quantitative results. Neverthe-
less, ot is concluded that although e ae. for calors
f mcderate purity on an achromatic background is
essentially the same whether determined by the vis-
ibility uf spots or the Landclt ring acuity test, chro.
matic aberration in the eye interferes with acuity
more seriously than with visibility, cspecially for
red and blue ealors of high purity.

CoupNen CONTRASTS

Many obscrvations were made with spots amd
Landolt rings differing from their backygrounds in
luminows reflectance as well as chromaticity, Efforts
to deduce a general rule for ealeuluting the efice-
tivenes of combined brightness and chramatic con-
traste were lurgely frustrated by the frequeney of
crratie amd unreproducible datn, Figure 47 repre.
sents an effart to test the formnaln which ajpie we

L v v

3
2

20

818 mui {DOMINANT WAVELENGTN) 04
493

ag 4 Al L)

e - A A

COUSVALENT ACHAOMATIC CONTRAST

° N A e
10 20 0
EXCITATON

40 80 0 70 80
PURTY (PER CENT)

Fruta 4 Rgun abral schinamatie smtrasd ol culony stpeoninately sytal o tnghiness (o their achronmte sos-
round. barmd on v atime o the anentation of Landoll ringe.
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ety eiibeny,
lurge diserepancies from the formula have been
noted, these discrepancies have not revealed any
regularities which might suggest useful modihca-
ticns of th formula. This formule is also the

simplest approximation suggested by current devel-

e

e,

S S W R VN S O

[ 3] . o 08 s or

o o o

Frutu 4. Duea frang Figare 48 jduttid on the 10
chrowmatieny duatram,

opmient and theory of the nantries of the color
domain  {MacAdum, 104402 Conscquently, al-
though its validity cannot e considered pro-ed,
and modifications will probably be found necessary
n the future, the fubowing formndn i« the best that
can be given at present:

(‘pn' “.. +'~.2"’. ih

I this formula, €y 3¢ the resultant, quivalent,
achranatic conteast +F 0 chromatic conteast com-
Ciney,  cth s Lrightooss contrast, (' ix the bright-
ness contraat, amd 77, 14 the chromatic canponent of
the conttast. Vhe chromatic component (s of the
rontrast shonld be detertiived frun the most ap-
propriate dingran, Figiee 39 40, 41, or 42. dependd-
g un the background color. Rince each baskgrund
eolar appeans to slradues peenliatitice ante the
shapes of the contonns, gi generahization sceras pere
nibaeible conecrning the shapes of the contuurs for
barkgrounds appreciably different from those -
resented in Figures 39, 40, 41 and 42 In defan?

L
P T

he based on the present diagrams in cuses of neces-
sity, but accuracy should not he expected when
considerable extrapolation hos been employed.

A [ew serics of chservations huve been performed
it order to test the formula for the resultani equiva-
lent achromatic contrast of colors seen arainst chro-
matie hackgrounds. The results were not very aceu-
rate bui were not ineonsistent with the formula,
which appears to be satisfactory for estimates and
approximations,

ey .-

ConsTANCY OF E.A.C. AT VARIOUS ADAPTATION
LEvELS

Experimental Procedure. Four gray and four
chromatic papers were selected which, in the form
of Landolt rings (gap 0.7 minute) on & neutral
INS/), gave seores between 30 and 80 per cent for
four of the tive obscrvers for hoth 35 foot-lamberts
of artificial daylight quality and 26 foot-lamberts
of 3000° K color temperature, Landolt rings were

n} i

o, NS cput

" i
° —_ . . N
NI N ]
CUBTEEIS AVIRANt W WA A
Fovax 47 A atidy of cumbined ehrmatie amd v
natwe ronltads. Uinoy: tepwesents eyt (1),

Vortirnl donre ropaveent e opr s 4 od tiw dote. Torget: we:.
vewd bamkdl o v ohs behir eadkgioomd (Mumeil: PROA).
Reghiwes rwmirsct . W pue ront

w0t s papeers, with gaps subtenmog
07, 1.0 14, 28, anu 38 minutes, Using the 0.7-
nunnle gap site for eontned teats during the sanw
sessiinr  uliservations were ate witl, the 16-
it i gap foe several reduced levels of illumi-
natam unti! a brightness leve, was foutd for which
the geav rings (L.0-minute gaps) were teperted
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{0.7-nunute gap) of the same papers at the higher
levele, Thie procedure wus fellowed for eazh of the
available riag sizes,

R sults, The equivalent achromatic contrasts of
the coluts were found to be the same for ali bright-
ness levels between 0.01 and 26 foot-inmberts. Sinee
there are no essential differences between the results
wiih daylight and ordinary, artificiul light, the con-
stancy of c.aa.e. is not attributable to the Purkinje
eftect.

Implications. The primary purpose of the test of
the constancy of ea.c. with adaptation level was to
extend the applicability of the dingrams (Figures
38 to 41) to all photopic leveis (above 1 foot-
lambert). This purpase was fuliy accomplished by
the test. The failure to find any evidence for de-
creaxe of c.ve. for levels definitely below photopie
i surprises and indieates that the disappenrance
of coli. sensation at low levels may not iply a
radieal change of function but merely o deerease of
differential senxitivity similar to, und apparently
proporticnal to, the deerease of sensitivity to bright-
ness differences.

Brightness differences ave appreciable at very
low levels only because there i< no limit to the
vorresponding contrasts. Color difference, the appre-
ciation of which ir implicitly required for the ree-
ogmuon of any volor asg distinet from newtral, is,
on the uther hand  fundmnentally Bimited, and for
levels at which the sonivnlent uehromatie contrast
eannot be apprecinted 1t s reasanable to expeet that
n color will he indistinguizhuble from neutral,
Therefore, no eatranvous explaantory prineiple o
hynathetical duality of retinal function i required
for the explanation of the disappearanee of color
sensation at Jow levels, The pemsistence of the sen-
«ation oi red e levels dur whivh ail other eolors
are indistinguishable from gray can be attributed

dicvetly ta the equivalent achronmatic contrast of
ret on gray which, for all levels of adaptstion, is
fur goenter than for any vther color,

TR Ohservation Room

Obscrve ions were conducted in 2 roem 30 foet
long, 15 fret wide, 8 fort higl, consisting of shot-
rock on & tenzparary wad frame. The entire interior
—walls, cviling, amnd fior—was sprayed with flar
white paint. The appeorance of the rman from the
almepvers' stathone i shown in Figures 48 and 40

Yaakt o Aeramacmente The voean wae lerhred
with lamps placed in two Lanks on each o1 the svie
walls, fU and 20 teet from the irour wail. Lhe suck-
cts for the lamps were mounted in theet-mctal ducts

which were conneeted to aa exhaust fan, The lamps

Frovne 42, Observation room as seen fron observers’
st Londoli ring nppears o dark hackpronnd, Shat-
ters nre oen,

extentled into the rooa through 3-ineh diameter
heles ~ut in the sheetroek, which produced o deadt
nroundd the neegs of the lamps and facilitated the
renioval of the air heated by eontast with the lapes,
Seven lamps eonld be mounted in cacl of the four

Finteg 49 Trofler Jighting-uniis s seen froun oh.
wrpyers’ annle

banks. Lamps from 13 ta 1000 watts were vnisd,
Separate switches were provicded for cach lamp, so
that they coulil Lo aperaccd B0 v wind 1 omdie
sutions, For very low levels of ithuanination, 15 watt
lomps were hoeated devye in the sentilating duets
ated the hiedee in the wall were reduesd by opaegue
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hlue glase from hroken 1000-watt GEF Mazda Photo
Blue bulbs were also placed in the small boles to
obtain the =ame quality of light at extremely tow
evelr as at “igh levels. Two tyaes of lamps and the
arrangement for low-level tests are showi in Figare
50, which also shows the arrangement of the baffles
whieh coneealed the lamps trem the observers and
inereascd the diffusior of the light in the rocm,

—_—

Fuvsy 8  Intorior view of troffec unit.

A ininp scpuiated the vheervers' statiins from the
rrnin e of the nom as shown in Figuee 31 The
observers normally  renwved  their shoes efure
sutering the toon, amt wore cotton et -socks which
were nupdered regdnrly to prevent the fiour fram
getting ditty, The ootire pamm was epainted on
three different acratine when e thor lovaise ap-
preciably darker th=n the walls and ceiling When
freshly painted, the Tnat walll inchaling e twn
dingonnal pantls in the front eernees. had lens than
3 per rent vatiation of hiightnesr. The eonter of the
ceiling amd Boor. frun the front wail tn 15 feet

3 . . e ’ (X3 [ L

brightness to the front wall, "Lhe brightness of the
side walls, nnd the foor and eciling noar the walls,
varied as »hwwn in Figures 48 and 49, but no vana-
tion greater than 50 jer ceat from the brightness of
the front wall was discovered forwurd of the edge of
the baffies wisich uid ihe lamp banks aearest the
ohservers,

PreseNtaTiON OF TEST PATTERN

The test pattern consisted of Munsell colored
papers eut with punch and die and mounted with
tacky rubber cement on paser-covered svnthane
disks which could be removed and interebanged
rapidly in the center of u steel plate. This steel
plate waz also covered with a Munsell paper to pro-
vide the surrounding eolor. Figure 52 shows the rear
view of this apparatus and sceveral of the synthane
disks covered with o Munsell light gray paper. The
target shown in the instrument in Figures 48, 49.
aml 53 ix mennted on a Munsell medivn gray
pajer, which is abso shown covering the large steel
plate. A flat ring which covers the edge of the stecl
plate to hide any imperfeetions in the plate or the
edge uf the cover paper 1o printed light gray tabout
30 per cent reflectance) and can be seen in Figures
48, 49, and 33, This shade of gray mduees the severe
vontrast bovween the cover of the steel plate sl the

hite wall o) the ubservation reom. The faniike
shutters, which eap be seen in Figures 48 and 49 a1l
partly in Figure 83, are pranted with this soowe light
gray o peduce after<mages offects,

The stecl plate, which vaeries the lurge surromd.
ing paper and supports the synthane  disk, s
mounted in a bal!l heaiing 12 inches 1n diainder
whirh is attached ta the hinges! rectangle shown in
Figuris 32 amd 83. A self-aturting T3ap00 synchro.
nots wotas is alse mounted on the reetangle wisd
rates the steel plate by mrans of a belt and pul.
ey, Anmml the circurfennes of the heanng are
nuunted eight mictswilehee. which can e seen in
Figure 52, Thuse are nurnaily clased-ciresit bat
werriregit when a short eam surface 1ahich can
o seeny wpwider the molicr of G left swatch o §igire
A1, attached tie the naating plate, actuaies the
enitrhes, The pewer o the 78-tpm dotar jasece
thnmgh sne of the cight rartehes, wiieh  wirete !
by ar " wint switeh, the kb of which s shown
st inin the shel! below the appmintue in Figures
32 anel 83, A cam. - untesd om the e dhaft as this
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Fuivar 81 Obwirvess at their stations in the absen atios toom.

commntator, opens the fenlike shutlers symnietris
cally through the acton of the roller and gears
shown in the upper eenter of Figure« 37 and 33
The cam atul commutater are continuoisly rotuted,
o revolutivn ivery W secotds. The shutters are
hehl upen for 10 scconds and remain fally elosed
for 8 scropmls Pawer is supplied to the lower intor,
through the cianmutator and mictoswitelws, oaly
during tiw desceomt period while the shutters are
fully chwl. This is suficicat for vee complete revo-
tion of the steel plele, which bagtine to mtate s
sinn as the shutters are comuplotely chmed aml st
when the seleeted icrorwiteh is opracd. The jud
s at which the plate stope is. therefom, deter.
mitest by Uwe pomtion to which the achy tor sxiteh
faws previonsdy been placed.

This switch is opersted marually weconding -
a prearrangmd schidule bt is cliange] oniy w'en
the shutlers are opencd. that ie, when o eier s
available (o drive tie plate. The aeon-dischann:
lamp, muuntes! jusl bohiml the sclectur switeh,
glows ns long as the shatters are chwnd. The o
atue refraine from changing the seloetor switeh dur-
ingt this period. When the randmn schedule calla

fur the smoe loeation of the plate twice in sueces-
duny, the ey T the comtetator » (o th an
alrendy open micnwwitel and the plate reaine
statisuaey. Niee the coinutator suplier jaaer
for ratation of the plate only while the slatters are
clused, the atwervers never se the pattern in mo-
tien, bt it s exhibited overy 20 seeomnds fur a full
Hhseromul pleervation, Tie synthane disks, carry.
ng jutterus of vavious shapes, siges, sned colars, can
e clinngeedd whiie the steel plate is rotatiog without
interrupting the poriodicity of prosentations. For
vonvemener, cach syathane dik was lelt i place
for i) sucermvive proveatalivar v tamions wiem-
tAtints.

The seloetor swited, bs rombined with n punech
which vits 8 sall bule in a stap of 18-tan, une
shevsand. cine puositice Bl aml nivances the Rlm
e lranke fin each spemtion of the swaui The
stwntatica of the #aiieh w indicated by the loration
uf the haote within the fraime ui the Rln. Errors of
reading the pre-arranged erhetrio o o indicaws, by
Lo aevice, and the punched Glm recond is used s
s master agninst whirh similar punched flm oo
teale of the responers of the oheervers are comparet
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was provided for each observer.

Landolt rings were cut out of the Munzel! japers
with o punch pres.. Dic oots were procured to cut
rings having the following dimcusions.

- e

Outside dinmeter 2Xin.

Instde dinmeter 168

Watth of gap 0.50

Subtense of gup (ai 30
fect)

140 070 050 035 025
084 042 030 21 045
02% 034 010 007 005

3dmin. 28 14 10 07 08

Frowr 3 Tanget presentation gpparatys with hinged
testeplate fiwered

Ptk 38 Rear v of e appamme vand 1o poss
apt the langels

A st pub o wies thade for entting st cirealar
ek from Munseil papers, with the dinmetens
a0w:. 0075, ant D080 inch, subtemding ot 30 foet
U9, 073 and 28 minnte mespectively. Munsell .
pers tere conted with a tacky mbber coment before
the rings of diske were punched ot The tings and

disks could be el in 4 tedelnok and rennved
by pecling feora the page. They could then be
mounted on the paper-covend synthance disks by
simgls pressuty awith 8 clean presure pad amd
aviwding shrasicar. The ruther coment rrmained

Venue 3 Reunbog ponch at obaevrt's sat. Ree.
vl rvmagatend of ivridre i Memitiupetor oy Pl

tachs o adbesive alice several cfuten transfors.
Rasor hlades wore ssedd to peel the ring or disk
frouns the surfpee (o which i wos attacwed. Cotlon
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Kioves and twedaers were used in handiing luise
N EEICE TR YY) Sve PPV PP T Ry .iu!l\.AD.

The '4-inch diameter Landolt ring slewn in
Figures 48, 49, and 53 is much larger than 1:cossary
for successful response but was installed #o that the
pittea could be seen cleaily in the phowugraple.
With such a grent contrast a+ this, the smuliest
ving 10.25-inch diameter) would be seen correctly
In & significant fraction of the observations by
practiced observers.

Munsell papers were used beeause of the predomi-
nant roie of brightness contrast in visual acuity.
Numerous sets of Munsell papers are available
which have approximately the same luminous re-
dectance in daylight and in the artificial dayhght
cmpleyed in the experiients. The use of such seir
makes possible the separate study of the influencen
of chromatic and brightness contrasts prep.ratory
to study of the effectiveness of chrumatic contrasts
unrestrictu o brightness equality.

3.0 Procedure

For convenienee of notation and reconl, the eight
possible orientations of the test natiern were pum-
hered consccutively, clockwise ud viewed by the ub.
servery, heginning with ane at the top. ‘The oheervers
wade m use of these numbers and werp requined
nerely ta turn indicatam on their reearding punehes
ta pesttione corfespending to their inpreseinns of
the lueation of ths gap i the ring tor the sulid dot
in Vimbidity teater A sohwidule was propared in il
vante of rach text pevisal, liming the tanget arrange-
mehts, senuence and repetition of the tests, and the
raritom avientatims of the pattern, desdgnated nu-
werically. As rany w12 Jifferent patterns were
tinged 10 he tot seseiin. Eacli was exhihited 19 sue-
«aive times. in random orientations, and the entire
schngule W ae reprated, often with reverwed or other.
wire chatged eder uf prescatation of the various
sattirne, Prtiorns cotielstiog of various contrasts of
Kiuv o gray wore usually included among the color
contrast patierns to cherk on the level of perforin-
ance of the alwervers and to sceumclate a mfBeinnt
mass uf data oh achromatic evitrusts in onder te fue-
nith wtsfactory prychumctrie curces 1o be ueed as
the basie {or interpeetation uf the data foe evdor e
trasts.

With the shutters closed. the obmrrvers sotibed in
their scats in the oheercing rovm. The B disk way
placed in the apparatus anid the sclector switch ami
master panch was aeed al the firel number appear

g i the Jchedule sppasitc the number of the disk.
LE N EESTY IS E1 prrev e DWILLIL WD LIudV A, Lt prAvsL e
pattern ratated to and stopped at the seleeted orien-
tation, and shortly thereafter the shutters opened,
exhititing the pattern to the oheervers. Ax xoon as
tire shutters opened, the operator cuuhged the sclee-
tor switeh to the position indicated by the next
numibier in the schedule apposite die. number of the
disk being exhibited. The ischarge in the nron
warning jamip ceased us xoun as the shutter opened,
indicating to the operator the proper time fur change
o the selector switeh. Ten seconds after the shutters
reache:l their maximum opening they began to close
As soon a: they were tully closed, a buszer sounded
Iniefly in the observation rvom, the neon warning
lamp glowed, and the disk earrving the pattern ro-
tated to the new paeition. At the sound of the busser,
the obeervers recorded their judgment of the ohser-
vation just completed. They were at hbsrty 1o turn
the indicators of theit recorders at any tine during
the observadon period mud to change their indica-
tionz to correspond with revised judgment ws couich
ar they ecared. Only their ‘inal judgment was re.
corded at the suund of the busser, cach operator
alntﬂmnhtly :rm‘in?_ o the dial of hpe ragrder The
uperatur waited before changing the stiector switeh
apain upti! the neon lamp was extinguished, indi-
rating that the shutters wete open agnin and the
mutur circuit was dead. \s soon as the switeh was
set to the indicated hwation, the operator cheeked
uff vach digit in the schedule to avoid dupiea . o
and omissiune, .
. When all the digits in a row had boen ehcked Y,
the selector switeh was next st to the jawition inlie
cated by the irst munber of the noxt row, When the
shutters sylwoquentiv closed, the Arst synthane piste
was romoved foom the reress in twe stesl plate, uind
the ope liste] next va the seheduie was imneried.
This change coubd he made during the § sromis
whirh the shutters were chwed without interrupting
the rhythm of the ohservations o interfering with
the functioning of the rotating mechaaism. In tuis
way. ar many o» 12 petterns were exhilicod withmt
inlerruption 10 tines each. i o Il securdind
srientations, i n poiod of o minute: 1ooning this
petiod, the cherrvets operated their ereordere e
for each abservation, and the compleie recond nf the
120 judgments of each olecor was et o a
oy of 16-mm 8lm. 38 inches long.

Each patiere ~as shoxn 20 or 30 Lnss the sec
ond and th- 3 repetitions of the rplete sehedule
fullowing rest perioeds of 15 minutes. Many pattcene
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and certamn achromatic contrastz were repeated
every sesxion {or weeks as common denonators for
ah of the tests with chuomatie contrast.

When ¢ ob schedule was completed the master
reeord waz corupared with the schedule, Division
lines were drawn between the tape records of the
groups made up of 16 vositions of cuch pattern.
The notation of esch pattern was transeribed on the
curresponding portion of the master tape, and the
tape record made by each shserver was compared
with the master,

Las Olservers

Difficulty was expericnecd in obtaining suitable
ohwervers for this program. More or less extensive
data were obtuined with 27 individuals, all of whom
had normal eoler cision, as indicated by the lahi-
hura test. Of tue 14 whose data are sufficiently com-
plete to warrant inclusien in onr results, three wore
glaenes continually while observing, Sinee the vhjee-
tive was to evaluate anly the relative contributions
of chromatie and brightness contrast to acuity, oh.
serven with glasses were tuleratol,

Group 1 conmisted of five high sehonl stidents,
ages 17 e 19, who served after sebool hoyrs and on
Saturdays and helidays. Speeial eheek tests were
devieed ansd wsed tauake cure that the reslts were
nut aflceted by commumication of test informintion
Among nheerveps.

Group 11 comsisted of fBve emphyers of the
Tiffaay Fundation who hat been trained and siseed
there in similar tets alrendy deseribed. The maxi-
mum age of thoso olmervers was 33 years: ali were
reeent colloge graduates, four majues in peychology
and one major in histery bul e hatd any appee.
riable preparstion in any of the physical senees.
This group of obeetvcts was far superior to any
ethers used &, thic prgram.

Thus superintity was oot in degree of acuity, but
w stability, reproaducitality, amd immunity to e
dom and the vanctics of nusbehavir which at - {
the wther grovipm exhibited werasionally. This o x:-
tributed to the intelloctual curinaty amd acaderic
barkground «f the girls, whe were interested in the
terhisizjur aod day-tieday tvtuls of the resulis.
Judging s the expericnee gainesd in thie projeet,
there is no adequate substitute for this backgrmnsd
and attitude in cxtonsive tests of visual acuity

The last fosr obectvers (Group 1T used Be come
picte the prgram were alse reeent college or junior

frn pme e ey -

similar in background to Croup U, this group was
much jess stable, probably beeause of distraction of
interest amd energies by after-honrs activities,

tae Summary of Results

Conclusion 1 Far moderate achromatic and eliro-

matic contrists, acuity appears to depend on con-
trast in the =ame manneir as visihility. Therefore,
data obtained with test ohjeets comvenient for ex-
perimentation (such as the Landolt qng, employed
in most of the present investigation) may be ap-
plied to other shapes by the determination of em-
pirical conversion faetors, using for these tests any
convenient but definizely speeified contensts of ob-
jeet against background. If these cunversion factors
are determinel by ficht tests, their application ren-
ders the labaratory data useful unider these ficld
eonditions. Fundamental data of sueh intricate
phenmirpa ax are the subicet of this report eannot
be ubtained by actual fichl experiments beeause of
uncontrallable  variations of ssaeptinl conditions,
distraction. of atteatiom, and  interruptions  and
delays e to weather and unfavorable ciream-
statee:,

Conctusion 2. For high, mcreasing chromatie cun-
trasts, AeWItY appears ta inersase s rapudly than
vivibilits, This i believet]l U e s copsequenes of
chrumatic aberration in the eye but i not likely te
be uf Importanee in hagadistanee ulscrvations, siaee
tveh the colors of lighlty chiromntic siznal fags are
tunsiilerably desaturated by atnnmpherie hage The
magnitude of this descturatiai ean be compwtest ine
any specifind st of cunlitions. Ty rsultant acuity
will depweind on e deercased santeast, bat the con-
tribmstion of the derrenec] chromatie contrast ean
wsunlly b rstimated fnan the o tached diagenms
beeause the chrvmatic contrast i lees than the
lisiting vahae alesve which the chromatic abenativs
of the eyv reonws important,

Conciunton 3. The coloes of Rgstres vielding rone
stant acnty against zn rqually baght foekgnand
ul mpproumatery o gl oualit, ace 0o ol
hy & sawwth chwed cutve aiondd the pint fepee.
enting the culor of the barkptourd in the standan!
diagram for representing rodige Sorh eorees are
prosen ! for colors giving the sane Loiities 2
prl rouatie brightocss centrasts of &, 30, 15 20, and
28 per cont

{"onrlusion §. Fiw combanesd chromatic and brieht.
neve rontrasts, the aruitv apswars tn be appresi-
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72 PERCEPTUAL CAPACITY OF THE HUMAN OBSERVER

given by cquation (1),

Co= 02 4020,

wher £, s the brightness conteast, wnd £, 15 the
achroniztie hrightess conteast equivadeni to the
chromatie component of the contrast. as determined
by interpolation in the diagraws, The cliromatie
components of contrasts encountered under field
conditions are rarely over 25 per cent, On the other
hand, appreciable color contrasts are almost invari-
ably combined with brightness contrasts greater
than 25 per cent. Therefore, the visibility of objeets
anil aenity for identification of detail are primarily
dependent on brightness contrast under most field
conditions. When brightness contrasts are limited,
as in the case of signal flags or pancls, enlor dir-
ferences may  inerease acuity and  visibility, if
chromaticit: contrast can be introduced without
equivaient sacrifice of brightness contrusts, The dia-
arams given for several different background colors
may be employved in eonjunction with the formula
given in the first sentence of this puragraph for
design and estimation of the effeetiveness of any
specified color combinations under any speeified eon-
ditions,

Conclusion 5. The eftectiveness of cheomatir con-
trazt in acuity and visibility appears to be pro-
partional to the effectivencss of brightness contrast
when brightness deereases from 100 foot-lamberts to
1072 foot-lumbert. As the adaptation level decreases,
greater and grester visual angles aml contrasts are
neeessary to make any poreeption of the contrast
possible. Nufficient inerease of brightness contrast is
always possihle, br.o if the contrast s purely #hra-
matie, with brightress contrast exeluded, there exists
a level of udaptation below which the pereeption of
contrast is impossinle even for large visnal angles,
beeause chitematie contigats are imdameniully lim-
ited. T exeeedingiy severe ghue is eacountered, in
which hrightness eantrasts of less thany 30 per cent
cannot he pereeived, it may be expected that ehro-
matic contrasts ithe effeetiveness o which vannot
exevrt] e sueh Hiits will not be perecpinte ur
otherwise highly ehiromatie =timuli, »ach as reen,
blue, or yellow signals, may not be dis'iguishahle
from white and may be veporewd ar colorless.
Rueh conditions have not heen tasted experi nen-
tuity,

Conclusion 6. At or pear the limit of visibility, the
hues of chromatie turgets are not pereepiible, ¢ ren
though tue objeet may be ween in an appreeinhle

g R ¢ 1 oot D

uli, Orange and red-purple, as acll s red, appear
redidish or brownish under ihese eircamstances,

Conelusion 7. When responsc: are foreed for every
abservation, significant pereentages of correet re-
sponzes are recorded for nearly visible targets even
when the observer is fiemly eonvineed that the ob-
jeet or detuil s hopeiessiy nvisible,

3% PERCEPTION W!THGLT AWARENESS

The statements of Conelusion 7 are true both for
spots and for gaps of Landuolt vings, {for achromatic
and chromatie contrasts alike, and for all ob=ervers,
Lythgoe™  reported  the same  phenomena. He
wrote:

o oweneral, the suibjeet s unawaie of the sori of esalis
he i« getting, At the flat portions of the top of the curve he
finds the task none loo easy it is quite an effort to read the
test ohjeet. At the bottom of the surve, hie lns no iden that
he s getting any vight answers at all and vet he is getting
mare than the expeeted value due to guesswork, Inexperi-
enced subjeets fnd ot diffieult to Jorer themseives to give
an answer ab each exposire of the test obieet, The remark-
able fuet is that with very small test ohjeets when the sub-
jeet i under the bapression that he is guessing, actually he
is returning taore than one in eigh! cotreet answers, In one
series of exvesinents, we imads the size of the test chjeer
very sl indeat snd e this ense the puber of (coreet)
atswors redurnsl was not signifieantly greater than would
he expreetid from pure guesas,

In another part of his report, Lythgoe descvibes a
gquantitative test of this phenomenon and writes:

It s ns thongh the eye and the subieet’s answer formed
prrl of w purvely physieal proeess, the readings getoing worse
as the conditions are nude more diffienlt. Exwting at the
e fime i speetator of the proeess-—the sabject’s
awnreness, In our experiments, the subjeet was invited to
express his views on the aveursey of the working of the
phvaienl process Judged by oojective standards, his aware.
ness saw fintle of the gune, When the aubjeets were guite
cerlain they were wiong, actaally they were giving thivey
peroeenl correel answers.

Experiense in the present investgation has borne
s ot ibovere steiking fashion. Tn all en-es when
Tininal results 630 per eent correety were being
obtained, the ohservers experieneed saeh diffieulty
thit they wers almost alwavs uneonscious of seeing
the gup or apoi. The mre pereeptax of the onenta-
tion of the target were so fleeting und nonrepeatable
that verifieation was impossible, and there was no
alternative to iadicating the otientuticn thus «o
vagoely perecived. In the remaining ases, the ab-
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PRACTI.AL VisIBILITY PRUSLEMS 73

sorveis had o awareness of seeie any perdisem
PeROauE Y WIIeH gt andieate tie proper arien-
tation, though thev looked o carcfully snd as long as
tihey could. The indieations seemed to be pure
guesses, literadly Toreed by the requirements of the
mechanisme, vet when they followed conseientious
obseivadon they were correet more often than can
be wecounted for by chanee.

o Lookout Procedure

Sinee the phenomeaon of pereeption  without
awareness 15 not dependent on the partieular form
or color of the test objeet or on the procedure of
the experiment, it may be of general securrence,
Beeause of its possible bearing on the procedures
cmiployed by lookouts, this peint was empiasized
to the Ariny-Navy-OSRD JANOSRD] Vision (Com-
mittee at one of its hrst meetings, It is evident from
the duta that if uov is made of the phenomenon
deseribed above distunt objects may be detectable
and identifiable at distances ax much as 50 per eent
greaier than at present (see Nection 4.4.1). This
conclusion is based on the assumption that the ob-
server is required to be ~ertain hefore he reports or
identifies a strange object. In practice, an approach-
ing plane might be reported 30 per cent sooner and
identificetion of type may be possible at 50 per cent
greater range than at present, reducing the hagards
of destroving friendly planes or of permitting hus-
tile planes to approach dangerously close, Also,
ex ch for survivors qaay be subjeet to improvement
carresponding to as much ax 30 per cent inerease of
radiug of visibility and appreciable inerease of the
effiviency of searching within the present limite of
visibility,

A NUGGESTED TECHNIQUE

It wax suggested to the ANOSRD Vizion Cowme
mittee that such improvements might be obtained
Ly providing at least three observers to scan the
came sector simultaneousty, These lookouts prob-
ubly should not collaborate, but each might repot
immediately (possibly by some remote indieator
deviee) to w eentral station his estimate of the azi-
muth, range (and altitude of airernft), and eharae-
ter (that i, xhip or nlane) of each thing thet he
thinks he saw, however flecting or vague and unveri-
fied the impression may have been. The contral
station might relay such reports to higher autheritier
unly if two or more corroborating reports are re-
ccivell, This proeedure would eliminate alnose all

Fatan soevamte bt o Fomee 2 ks b a8 Lo

change for the advantage of 50 per vent or greater
mercese of renge o7 vision. OF course, every iookout
nught also be furnished with the present means of
reporting immediately any objeet whieh he =ees or
identifies pocitively. Positive reports eould be dis-
tinguithed clearly fror Veinal seports wad relayed
tor perhaps transmitt. i the lookout by nore
direct ehannels), even i the improbable event that
they ave not immediately cerroborated.

Thorough trial and modification by eareful ex-
perimentation would undoubtedly bhe vecessary o
perfeet a techniaue of this geaeral charaeter, but the
probable advantages may be sufficiemiy impertant
to justify the effort. This method may not be feas-
ible on any except large units, because the present
number of lookouts would probably need to be
tripled to provide coverage without widening the
seetor of any one lookout. The change of attitude
required to report oll “hunches” immedintely and as
aceurately ax possible without waiting for self-con-
fimution may be so great that many experienced
lookouts may be unswitable and the training of new
personnel for such duty may have to be congidered.
Such training would cultivate a very attentive, care-
ful nttitude completely free of inhibitions regarding
falae alarms. The essence of the method is in the
fact that when an observer conventrates snd reports
all possibly signifieunt impressions a considerable
fraction of his “false alurms" prove to pave tounda-
tion, and when confirmed hy an independent report
of another similar observer the probability of cor-
rectness approaches certainty, A triple coineidence
should be more reliable than a 3'positive” report by a
single observer and may extend the range of visi-
hility and time available for countermensures 50 per
eent or wore

No word has heen received that ihe suggested
technique was tried by Navy lwokouts, but it is
understoid thar reeent editions of the Manual for
Lookout  Inxtrictors pdvoeate the roarting of
“hunches,”

o ERACTICAL VICIBILITY PROBLEMS

Betore the results of the extensive experimental
prograns deseribed in this enapter ean be used in
the salutim of practical visihility probleins, means
st e provided for eombining these data with
it formation regarding the optieal state of the at-
nvmphere. Nomographie charts for thix purpose are
prosented in the two Jollow:ng chapters,
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THE VISIBILITY OF NAVAJL TARGETS

INTRODUCTION

r[\m‘ LIMITING range sl which a ship at sea, a low-
fiying airereft, or a shereline 10ay be sighted
can be predicted from the principles and data whien
have been presented in the two preceding chapters,
Such a prediction, however, requires tedious com-
putations, impracticenl under uperational conditions.
Tt is the purpose of this chapter to show how the
computations ean be avoided by the uxe of simple
nomographic charts and to illustrate the use of such
charts in predicting the limiting range ot which any
specified target will be just visible,

+¢ THE NATURE OF THE PROBLEM

Previous chapters have shown that the visibility
of a uniform target depends upon the apparent con-
trast between the target and its hackground, the
angular size of the targot, its shape, and the pereep-
tual capucity of the observer at the level of bright-
ness to which his eyes are adapted. Both the appar-
ent contrast and the angular size of a target vary
with target distance, but in aceordance with different
laws. For example, at a distanee of X yards, a cir-
cular target of area A square feet subtends an angle
a given by

“ = -1-29:{,\(‘4 minutes of are. (n

‘The apparent contrast Cy of any target at dis-
tance X is related to its inherent euntract 'y by the
relation

(“\' = (‘"(““'NE"."", |2|

where ¢ s the meteorologieal range. Beeause the
pereestusl eapacity of a human observer depends
simultancously upen both a and Cy, in the manner
shown by Figure 35, Chapter 3, any ealeulation in-
tonded to determine 1he range at which a target enn
just he sighted must conaist of & series of sueceseive
approximations, In ather words, the anmswer must
he found by hracketing. The procedure is illustrated
hy the following example,

lLi.v=7TRATIVE KXAMPLE

Let it be required to find the di-tance at which a
uniforn cireular target having & projected area of
100 square feet and a brightness of 10 foot-lamberts
will be liminally visible on a day when the metecro-
logieal rarge is 20,000 yards, ascuming the terget to
be viewed along a homogencous, horizontal path
against & unifor:n background of horizoa xky, the
brightness of which is 1000 foot-lamberts.*The in-
herent contrast of the target is

- Y]
o= 17 T g.900,

Thiz value indicates that, to an observer close
aboard, the target appears as a neatly black sil-
houctte.

Sinee the meteorological range is 20,000 yards, it
may be assumed that a very large black objeet
would be liminally visible at approximately that
runge. However, at 20,000 yards the angle subtended
Ly the target i+ shown by equetion (1) to be only
0.646 minutes. Referring to Figure 35, Chapter 3,
or Appendix A, the liminal contrast for a target of
this anguiar sigze 1 — 0.355. However, from the
definition of meteorological range, the apparent con-
trast of the target is — 0.020. Henee, the target is
invixible at 20,000 yards.

Although the liminal target distance is now hnown
to be less than 20,000 yards, its actual value must
be found by trial and crror. Assume the target to he
at 10,000 yards. At this distance it subtend: an
angle of 1.202 minutes, and its apparent contrast 1w
shown by equation (2) to be — 0.145. From Figure
35, Chapter 3, or Appendix A, the liminal contrast
for a target of this angular sige 12 — 0.0868. Since
the magnitude of the apparent contrast exceeds the
magnitude of the liminal contrast, the target ean be
seen at 10,000 ;ards and bey o,

In order to bracket the answer in g systematie
manncer, let cquation (21 be used to find the distance
nt which the apparent cant-ust s - 0.00M3 Thir
woound to be 11,930 vardy, At this distanee the
target subtends an angle of 1,083 minutes, and the
cerrerpgnding liminal contrast 11 — 0,134, Since this
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76 THE VISIBILITY OF NAVAL TARGETS

exeeeds the annarent eonteast i muemtnde, the
targee s noe Vs,

It ix evident that the distanee at which the target
1+ liminally visible hus been bracketed. §f the brack-
cting wrocess is continued, the answer finally at-
tainea is 11,000 yards,

The foregoing ealeulation s obviously too cum-
bersome, too time consuming, tou subject to error
to be pructical for routine use, Fortunately, the
caleulation can he avoided completely by the use
of nomographic charts,

4.3 THE NOMOGRAPHIC METHOD

Figure 1 shows n nomographie chart capable of
niaking simultancous allownnees for the variations
of « and Cyx with target distance. The curved line
which erosses the center of the figure represent: data
frun Figure 35, Chapter 3. Specifieally, it represents
the limiting pereeptual eapacity of a typical ob-
server whose eyes ure adapted to full daytime sky
brightness when the target is uniform, cireular, and
100 square feet in area. A target of any other area
could be represented by a different curve, and subsc-
quent noographic charts in thiz velume contain o
family of curves corresponding to a biilionfold range
of nreas,

IrLesiraTive ExaxdrLs

Tu illustrate the use of the nomographic visibility
chart, let the example of tho preceding section In
solved by means of Figure 1. Lay s siraightedge
across the chart in such & manncr that it connects
20,000 yards on the meteorological range scale with
0.99 on the contrast scale, (The dashed line in Fig-
ure 1 indieates the position of the straightedge.)
From the puint where the curve is intersected by the
straightedge, move straight up or straight down to
the target distance seale, The answer, £1,000 yards,
read frim this seale, agrees with that previeusly ob.
¢ iped hy hraeketing,

ot Special Cases

Foa

The scales of mceteorologica) range and liminal
target distance un the nomographie visibility chart
shown in Figure 1 may he multiplied by any factor,
provided the value of area assigued to the curve is
multiplied by the squars of the factor, This conven-

jent property of the ehnris enables them to he wsed
BOL P IN VAN g e [ETRPOCN
cal range,

For exsmpie, let the seales of meteorclogiea? range
and liminal target distance in Figure 1 be multiplied
by 1710, 50 that the former covers values down to
400 yurds nnd the numbered divisions of the latter
begin with 50 yards and end with {0,000, The curved
line, which formerly applied to o target 100 square
feet in area, now applies to o target whose area is 1
square foot. Thus, as indicated by the dashed line,
a cireular target 1 square foot in area wnd having un
mherent contyast of = G99 15 tumally vizible o
1,100 yards on a duy when the meteorological range
is 2,000 yards, Obviously, if Figure 1 bore n curve
corresponding to & target area of 10,000 square feet
on the basis of the seales as originally numbered,
the curve would apply to a target 100 squere feet in
area when the chart ix used in the manner Just
deseried,

TarGETs OF VERY LARGE AREA

in dealing with targets of very lurge aren or
iargets visible at very loug distances, the range and
dintance xeales of the visibnlity charts may advan-
tageously be multiplied by 10. If this is done in
Figure [, the curved line then applies to targets
10,000 square feet in area, and the dashed line
indicutes that such a target will be liminally visible
at 110,000 yards on & day when the wetevrological
runge is 200,000 yards, provided the inlicrent ren.
trast f the target is == 0.99.

Exacr Varves or TaroEr AREa

Rinee the factor by which the scales are multinlicd
way have anp value, the curved line in Figure 1
ean be wade to apply to any area

For example, let it be reqoired to dnd the liminal
target distunce for a target whose arca is 84 eqgrane
fect, assuming, as before, that the inlierent contrast
of the target is = .99 and the meteoralogical range
in 20,000 yard:, Since the area  presented by the
eurve munt be wultiplied by 084, the range and
“listance wealee nre to be mulriplied by 080, This
sicans that the diviijun marked 20,000 yards on the
neteorojogical  range wewle  corresponds with A
meteorvlogicas vunge of 16,000 yards, A meteoro-
logieal range of 20,00C yards ix therefore represented
I*+ the division numbered 25,000, 2 this poiut is
connected by a steaightedge (not shown) to 0.99 on
the contrast scale, the intersection of the curve and
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78 THE VISIBILITY OF NAVAL TAMGETS

b e Eadiaatel 13400 o the wealn af
target distance. After multiplying by the seale fae-
tor 0.80, the lminal target distance is found to be
9,920 vards.

The family of curves. ench pepresenting o target
of diffcrent area, which eppear on all the nomo-
graphic charts presented later in this volume are
intended to make unnceessary the type of eaicula-
tion just deseribed. However, for the construction of
tables, or for special computations requiring greel
precision, the metiod deseribed in this section should
be used.

4.3.2

Other Uses of the Nomograph

THE DETERMINATION OF TaMINAL CON1RastT

The nomographice visibifiy chart may be consid-
ered a= a special plot of the liminal contrast data
given in Fiz v 35, Chapter 3.

Fur example, let it be required to fined the liminal
apparent contraxt of A target 100 square fcet in area
and 10,000 yards from the ohserver, Pinee u straight-
cdge across Figure 1 in such a manner thet it con-
neets the infinity point at the top uf the meteoros
logienl range seale with the intersection of the curve
and the vertical line representing 10,000 yards, Tl
straightedge then interseets the contrast senbe at
= 0.007, the value of liminal contrast far a target
of this angular subtense. This implies that all hwe
inally visible uniforin circulur targets subtending
the sune angle at the ubserver's eye are represented
by a steaight line eonneeting the infinity point on
the meteorolugical range seale with the paint repre.
senting the fiminal contrast,

Precine Values of Limowd Copdrast, The curved
line on Figuse 1 wax comsteneted by murking the
paint of intersection of each vertiend target-distanee
line with a straightedge ronncetige the inficity point
un the meteorodogical cange scale with the approe
nrinte value of linunal conteast. Before this eovibd e
dune, a table showing the values of liminal contrast
for cach interseetion was prepared from very large-
seale plota of Figure 33, Chapter 3. This table
givea the values of liminal conteast more preeisehy
than they van be read frowm cither Figure 33, Chap.
ter 3, or Figuee L Tablea of this tupe for all thy
resibelity charts i thix volume an green iy the
sicrofitm aupplement 7 and showld be consulted tos
gether with Appendir A whenever new tables or new
ehartx are prepared,

A T S T T P N T T A R

The nomegrapliic visihility chart can Lo wet to
solve cquation 12). For example, let it be reguired
to find the spparent contrust of a target of inherent
: S0 0 wdieg it ix 1000 yards from the
obsorver on s day when the meteorological range is
20000 yards, Place a straightedge across Figure 1
in the position shown by the dotted line. Pluce the
point of o percii at the interseetion of the straight-
cdge with the verticai target-distance line for i€.000
vards. Rotate the straightedge until it oasses through
the infinity point at the top ot the meteorclogieal
range seale. The straightedge now interseets the con.
trast scale at = 0.145. the apparent contrast of the
target.

Obviousty, this technique can be emydoved to
solve for any of the four quantities in couation (2).

Structure of the Nowograph, A muthematical dis-
cuszion of the nomographic eharts is included in the
mierofilm supplement.®

33 Nomographic Chares for Civenlar

Targets

More than nwillion observations of unifurm. cir-
(‘\.lllll‘ wrgets were mwde by o homogencous group of
cheervers ut the Tiffany Foundution (Chaptev 3.
The,observing canditions, covering the entire gamut
uf brightness conditions from the brightest day to
the darkest night, were carelully controlled -0
aceurately mensured, Noo visibility exporine it of
comparable magnitade o0 thaouwghness has ever
heen reporteds the Tiffany data are belicved to pos-
s fur greater relishility than any other visual
duta. Tt is approprmte, therefore, to present these
tlota in the form of vonggraphic ehts sanilae to
Figure 1.4 se? of such ehinees is presented in Figares
2 thruugh 10, These eharts caver adaptation bright-
wesses My feonn 107 fontlambert to 1000 fout<lam-
herts in decimal steps,

Each of the nine figures (Figure 2 the.ugh 100 is
a notnogeaphie visibility chart tor uniforin circular
targeta seen against a unifora backgroune of hogi-
2ok cky havin, the brightness 3 et wicl at the
tfower right corner of the diagram. Deseripiive
Parases such na overcaat day oe quarter moon, have
been mlded to serve as 4 raesh gride o plept s he
i err chart for ee in 2 given problem,

Thene chinets posaess reliability of n very high
neder when werd to predict the distaney at which a
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L U S T VR T P O
vhen viewed along a homogeneons, l.nrizm;’tul sight
path agaisst a unitorm backgreund of Lorizon sky.
The use of the visibility charts (and modifications
of then, for the solution of problems of increused
cumplexity and greater realism is deseribed in later
sections of this chapter. In such cases, the relinbility
of the predicted values oi liminai target distance
depends upon the aecuracy with wiieh the conditinns
assumed by the user of the charts agree with the
actual conditions.

+4  THE SIGNIFICANCE OF LIMINAL
TARGET DISTANCE

When uxed in the manner deseribeil in the fore-
going seetion, the nomographic visihility charts pre-
diet (e distence at whish the target will be limi-
nally visible i was explained in Chapter 3 that o
target ix lifninally visible when an vbacrver who is
forced to judge whether (e target s present or
abzent ix ax likely to be right in his judgment as he
1 hikely to be wrong, cortvetion having been made
for chane. Unfortunately, the ohserver is quite un-
awnre that half hix answers are right,. He has no
confidence that he has seen the target The proba-
bility of un ohsercer voluntaridly reporting the prea.
ence of a lininally visible lacget ix neaviy sero,

) The Sighting Runge

At same range less than the lminal distance, the
abserver heromes cunseinus of seeing the target. The
Tifuny obstrvers beeame eonvireed that the theesis
uhl of confilence usually comeides with o 90-10
chanee of making n cornet seport, They alae dise
covers! that in lerms of contraxt e sbne of the
prychometrie funetion o0 nearly indeiendent of
araptation level aned target sige. The shpe s sueh
Hiatr o7y green torgel e bominally visible, a cinilar
target Aaiing dowble the contmst witl e sorn wivh
thagahold confidenee.

The: approginaate range al whick 4 taige ails L
seon With threshalld ronfidetee cen be predieted (o
the mvegeaphe visilility charte Wy dividing the
saherenit conirn=! of tie tanget by two Iefon: epier-
ing the data un the chart, Foe sxaniple, it Figuee
b the dashed hne connerlisl 20000 yands oy the
rtcutuhagical range seale with QA on the contrnst
senle, B target dhataner of 9,200 yards wonhd e imli-

CRLeU, AL appivansiitly il wstalive, talivd vl
sighting range. the target would be scen with thresh-
old confidence. Nowmwographic charts have been
drawn to indicate the liminal target distance rather
than the sighting runge, heeause the furmer quantity
has a precise pliysieal significance ot shared by the
latter,

$3 VISIBILITY OF NONCIRCULAR
UNIFORM TARGETS

e of the first experiments performed by the
Tiftany Foundation compared the visibility ol the
silwuctte of a ship with that of a cireular target
having the sume area. The experiment was repeated,
using the sithouette of an ajrplane. These experi-
ments supgested that uniforns tacgets of equat area
and equal apparent contrast are equally visible, re
gardless of their shape. Later experiments showed,
however, that in cortain extreme enses a correetion
e target shape is required. Indeed, as shown by
Figure 36, Chapter 3. the timinn! contrast of a uni
torm reetagilae target, having u length 100 tinses
its widdth and <ubtending o solid angle of 100 square
minutes, has heen fuund to be more than siv thinea
greater than the Eniaal contrast of a cquare oF eir-
eulur target of the same ares. The viaibility of o
uniform tasge! of anu shape ts never greater than
the vivsbility of a uniform cireuiar target of Hhe seme
aced and apparent contrasi,

VEA 0 U ames U s casut s s

Fach of the =ixteen figures 1 Figure 11 through 26)
is a nonnsgraphic vidbility chart for uniform ree-
tatigular targets seen again< o unifonin ackground
of Lorizan sky having the braghtness B, indientend
at the lower right carner of e diagran, The sides
to-sidd: ratin of the rectangle ta which o chart ap-
phiee Lo indicated at the awer Wft comer of tw
diagran,

Becaus: the fonn faciors fur ~ctangles reporial
in Section 329 Jdeprad upon the angular sige of G
gt and therefore wpon its Baenee gecial Vis.

e charts are tegquitsd for reetangular wargets,
Such rimtts are presoeled in Figures 1) through 26,
They hate Ievn prsduesd by spgedvmg e appen-
ptte vae of funtn fretor to the oy faan whieh
Froares 2 through Y0 weie ploitiad, The visibility of
# rctangulne tamget o) sided wapie ratin for whicl
o ehart is given ran e infereed by Breding the re.
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126 ’ THE VISIBILITY OF NAVAL TARGETS

"

and a less exireiiir case, For example, the visibility
of a 7:1 rectangle is intermediate between the visi-
bility of the corresponding 10:1 and 4:1 rectangles
for which charts are given. The visibility of uniform
targets of irregular shape is usuallv identieal with
the visibility of the uniform reetangular target that
they mos! closely resemble. This rule does not apply
to a hollow rectangle or tv an annulus, Such a target
should be treated in the wanner deseribed in See-
tion 4.9.

+¢ BACKGROUNDS OTHER THAN THE SKY

It waa shown in Seetion 2.3.7 that, in the case of
targets viewed against backgrounds other than the
sky, the apparent contrast at distance X of a target
sren againgt any hackground is releted to the inher-
ent target contrast by the exjpression

Co= —ppoe o —m (3)
14 ];: PRI EA ST ])

where Bu/Bo is the ratio of the brightnes of the
horizon sky in the direction of the target to the
brightness of the background of the target and v is
the meteorologiea! range. By/B. ix a limiting cuse
of the sky-greund ratio diseussed in Seetion 2.3.6,

s.84 Visibility Charts for Any
Background

The nomographic visibility ehan shown in Figure
27 i identienl with Figure 1 exeept thar a sky-
ground ratio seale has been added nlong the inside
left margin, and the contrast seale has been moved
to the eenter of the figure.

To illustrate the manner of uring this chare, let
the numecrical example of S8ection 4.3 be re-solved for
the cane of a target viewed against a background
havi 1 a Leightness of 200 foot-lamberts, Sinee the
Lrightness of the horison sky was assuined 1o he
1,000 fost-latuberts, the sky-ground ratio is 5,0, The
inherent contrast of the tanget agninst its back-
grouna is
10 — 200

200

Place a straightedge acrvss the chart in such a
manner as to conneet 5.0 on the sky-ground ratio
seale with = 0.98 on Jlie contrast seale. The pueition

Cy= = — .08

Trvew byt BN e ll ..,) [HHSSEY
Flguv'e 27. Place the point of a penml at the inter-
section of tiis lLne with the right-hand vertical
boundary of the chart, Rotate the straightedge until
it connects this point with 20,000 yards on the
meteorological range seale as shown by the dashed
line. From the intersection of the dashed line and
the curve, proceed vertically to a reading of 6,900
yards on the scale of liminal target distance.

A complete set of charts similar to Figure 27 is
presented in Chapter 5 for dealing with problems of
visibility downward along slant paths. Figure 6
corresponds with Figuré 27. Figures 6 to 30 should
be used for the solution of problems of the type
illustrated in this seetion.

Oy YT O 1)

Le2 Uncertain Adaptation

Whenever a target is vie'ved against a background
limiited it angular extert and differing in hrightness
frony the majoer portion of the field of view, uneer-
tuinty cxists concerning the effeetive level of bright-
ness to which the cyes of the observer are adapted.
When the background of the target appears dark,
the liminal target distance may be less than would
he predicted by assuming the observer to he
adapted to the brightnesa of the major portion of
tie field of view,

When the hackground of the target appears bright,
the true liminal target distcace may exceed the pre
dicted value. Thix is illustrated by a whip secn as a
silhouette agninst the moon. In this cane, a first-
order correction can be applied by using a nono-
graphic visibility chart hased upon the apparent
brightness of the wmoon rather than upon the bright-
ness of the night sky.

4t THF VISIBILITY OF SIGNAL LIGHTS

The illumination on the pupil of an observer's eye
produced v a distant point souree of inteusity Jy
is given by

PR Y w

where ¢ ie the meteormlogieal range. This relation
in valid on.y when X is a0 .mm it M Bgnt by
he e lerad w tpoint sotiree” in the sense that the
inwluet of target area and liminal contrast is con-
stant.

CONFIDENTIAL
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128 THE VISIZILITY OF NAVAL TARGETS

i hagissss wene UL @

Paoint Source

The curves of Fignre 35, Chapter 3, are sivaight
lines for small values of angular target size. The
slope «. these straight Yines is — 14, as would be
eapected frows equation (4). Obviously, the maxi-
mum angular size of target for which equation (4)
i# valid is indieated by the point at which the curves
in Figure 33 of Chapter 3 depart from a straight
linc. Table 1 has been obtained by inspection of a
large-seale plot of that figure.

Tanr 1
Adaptation brightness Maxunum angulur size
(foot-tumberts) (nin of ared

1,000 ~708
100 0.708
10 0.750
1 0891

W 130

10 282

10 a8

104 858

103 180

Frori thix table, the range beyvond whieh equation
t4) applies to A searchlight of area A4 cun e found
by solving equation 11). For example, on a night
when the aky brightness is 107 foot-lambert, & xig-
nal light having an area of 1 cquare foot mny e
considered ax a point souree beyond

1203V)

Y- Toes

= 104 yands,

“"* A Nomographic Visibility Chart
. for Signal Lights

Figure 28 i u vixibility chart for predieiing the
range at which signal lampe or other point sources
will be liminally visible, ‘The chart is ximilare to the
fors goiug visibility charte in this voluine, except
that the comrast seale has bwen replaced by a seale
of intensity. Each curve represents a decimal value
of adaptation brightness,

As an vxample of & use of this chart, let it be
regnired to determine the intensity of n signal lemp
liminally virible nt 10,000 yurds on 2 foggy night
when the sky brightnese is 107 finst-laimlnrt nad the
metenrvlogical range is 5.000 yards. Place & stenight-
rulgee acrons the chart o that it conneets 5000 yaris

T T PP UIE TRt QT S L TR TTL O T IS e
tion of the 10,000 yards distance ordinate and the
curve representing an adaptation level of 107 foot-
lambert. The interseetion of the straightedge with
the intensity scale of the chaurt indieates the required
iiminal intensity of the signal lamn to be 2.500
candles,

+8 VISIBILITY THROUGH BINOCULARS

The ditance at whick a specified target is limi-
nally visible through perfeet binoculars ean he
found from the nomographic visibility charts by
multiplying the arca of the target by the square of
the magnifying power of the binoculars before en-
tering the data on the chart. For example, suppose
a pair of perfect 7-power glasses ix used by the oh.
server in the example of Seetion 4.3. Sinee the area
of the target is 100 square feet, the area used in
entering the ehart is 4,900 <quare feet and the re-
«ulting liminal target distance ix 22,500 yards, The
limmnal target distinee for the unaided eve was
shown in Section 4.3 to be 11,000 yards. It will be
nnted that, although 7-power glasses were used, the
lininal target distance was inercased by but a factor
of 2. Only when the meteorologieal range is infinite
de perfeet hinoculars having w magnifying power M
permiit objects to be seen M otimes as far ax they
ena be soen by the naked eye,t®

The foreguing diseussion applies to perfect hin:
ulare, by which is meant an instrament whose oeiy
effeet is to increase the apparent angular sise of the
turget. Actunlly, even the best binoculars fall soe.
what short of the ideal, s that the liminal target
distance predicted by means of the visibility charts
should be considercd as a limiting velue, never ox-
cetsled but often approached by abservers wring resl
hinoculars,

¢ THE VISIBILITY OF NONUNIFORM
TARGETS

A ship ur a plane is usunlly seen as 2 nonuniform
target, beenuse o, its complex threesdizoctional
shape. Even if the target is painted uniformly, il-
lumination diffecences prduce a pattern of high-
Hights snd shadows. Abthouglh coupterdimbing .
wormes e engplaved to Jessen the internal conteast
o the pattera, it in seldom possible to compensat »
dully for the Jdifferences in ilhoeination The dis-

CONFIDENTIAL




-t - .
BN [t er gl gt pting- peerp 1 [ A R 7 e 1 A Warr cmppniameg W aks IR fo sk s JUMLasge £ g e aleateas ey Jrrnpma wgams

SRR EUES d0) Lge SIGIsTY onpleilen. (NS YAy

{squva) 3IONVISIO 13DUYLE IYNKIRI

129

L

1IERERE!
IR
;"
i

!

0p Op Op Op Op0 %, % % %
90,90 ,.%0,L08 0, .oom%oa 04 o, (N o
O 0 9% %99 %9%0, £, %2 e o

1
m
¢
l
[

VMmN = MmN -

000 ©

TP

Z

{S37ONYD) ALISNILNI
[o]
o]
L)

77—

(sowva) 20NVN  T¥II30T0NOILIN

000001
000002
0000Q€
30000¢

000000%
2000002 —
300000¢€
090000

£ 0000001

_
- sg0000Z
. 900000¢ |

250%

THFE VISIRILITY OF NONUNIFORM TARGETS

:
\
N
»
i

—— L7 7

00002

Inii
i I |

<
40
°°

WIS A
HlL H

i | | ;
Ratas |
0 o.ooo.oo_mL_%oos_ o a...aoaooawmw%do,

0° 9% 0° 0% 0%0°0%%

{SOUVA) IDNVLISIG 1I3uVL WNIRTY

. . AP 2 el AU Uk SO b3 M TR, Sl 04 0 BN ¢ A+
=R Y TV

CONFIDENTIA'.




o e,

130 THE VISIBILITY OF NAVAL TARGETS

b sk ki AR S i
visible ¢an e preducted irom aomographic visibility
charts only if an effective value of inherent ~ontrast
can be found and only if this value is nearly inde-
pendent of liminal target distance.

Twe approaches were made to this prohlem (1)
Studies were begun by the Tiffany Foundeation in-
tended to diselose the basie principles geverning the
relation between the size, shape, and hrightness of
the cumponents of a pattern and its effective con-
trast. (2) The vixibility of a photographic model of
a cruiser (Figure 29) was compared with tho visi-
bility of a uniform target of cqual projected area.
Neither of these experiments was completed, but the
fragmentary results suggest certain practical rules
which will be summarised in the following seetions.

-y

A
»

Fiovre 2.  Phetogeaph of o Zkfool muiel of a erviser,

*%'  The Visibility of Naval Targets in
Clear Weather

Nearly all naval targets prerent paticrns charae-
terined by high, inherent, internal contrasts, Under
most situations their inherent integrated contrasts
ave aleo high. In very clear weather such a target
subtendr but a rmall angle when it is lininally vie-
ible. In this case, the liminal turget dirtance can he
found from the nomographie visibility charte by
wsing the inherent integrated contrast us ke value
of effective inherent contrast,

Under certain circunistances of lighting and oh-
s vation, the inherent integrated contrast may ap-
proach sero. When this orcurs, the effective inberent
contrast must have sume value substantially greater
than serv, inasmich as gero effective contrast im-
plivs that the target is invisthle regardloss of how
close it may be. During the Tiffany experiments it
was found thet when the wherent integrated cune
trast of the cruiscr model war serv, it wos Eminally
visible at the same distanee as a uniform taiget of
the same projected area having an inherent contrast

on this result are probably unwarranted, but the
experiment proved that, for the eruiser madel tested,
the eflective inherent contrast should be taken asx
cqual to the inberent integrated contrast or unity,
whichever 35 greater, It is probable that this rule
applics to most naval targets under most circum-
stances of observation. However, in the case of skill-
fully camoufiaged targets viewed under the most
favorable circumstances, the minimum value of
effective inherent contrast may be substantially !oss
than unity, Experiments with models of al! types of
naval turgets should be conducted in a visibility
theater, in order to determine for each the minimum
value of effeetive inherent contrast,

**2  The Visibility of Naval Targets in
Foggy Weatker

It remains t. be determined whether or not the
effective inherent contrast of a target having zero
inhevent integrated contrast is independent of limi-
ral target distance. The experiment deseribed in the
preceding section tested only the clear-weather ease.
Had time permitted before the expiration of the
Tiflany contract, the experiment would have been
repeatedd using a series of photographie models hav-
ing successively lower contrasts, and the liminal
turget distances so ohtained would have Lsen com.
paree with liminal target distanees predicted by the
nomographie vivibility charts using a fixed vioue
tunity) of effective inherent vontrast. It is recum.
mended that such an experimient be performed and,
if agreemens is found, no special corrections are
necessary when the nomographie visibility charts are
usedd to prediot the visibihty of naval targets in
foggy weather.

o8 The Effect of Color

It war shown in Chepter 3 that the equivalent
achromatic contrast 1€,) of even the most garish
color contrast shlom exceeds 0.5, and thet the re-
sultant cquivalent achromatic contrast (°0) of a
cular contrast coaiined with a bighine: s eontrust
1t o) i given by equation (13 of Chapter 2.

Cam 103402
A~ hown in Nection 4.9, the offective inherent

suntrast of a typicnl naval target is usually unity or
greater beeause of the pattern furmed by the high-
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added, the ertective inherent contrast is increased
by only 12 per cent:

Co == (1002 -}- 0.50°) % = 1.12.

It will be een from the nomographic visibility
charts that this increase in contrast produces only a
small change in liminal target distance, For exam-
ple, on a day when the meteorological range is 20
uiis, o target having un area ot 100 square feet and
a contrast of 1.00 is liminally vixible at 14,000
verds. A similar tareet having w contrast of 1,12 is
liminally visible at 14,600 yards.

Ships and planes are <eldom painted highly chro-
matic colors. Ordinarily the maximum colur con-
trast encountered in time of war is represented hy
a gray ship seen against & sky-blue background or
by the reverse, a blue ship seen against a gray bock-
ground. Figures 39 and 40, Chapter 3, show that in
neither case does t. ¢ equivalent achromatie con-
trast exceed 0.12. The corresponding inercase in ef-
fective inherent contrast is anly 0.7 per cent:

Co = (1.00* 4 0.12%)% = 1,007,

The effeet on the liminal target distance of so small
an increase in contrast is negligible. Ordinarily, tAe
color of a naval targel doea not affect the distance
at which it is liminally visible, This stutement has
no bearing upon the noticeability of a readily visible
target.

«'¢ THE MEASUREMENT OF CONTRAST

The effective inherent contraxt of a ship or & plane
has heen shuwn to be eqqual ta the inherent intes
gratod contrast of the target until this quantity
falls below some minimum value which depends
upun the nature of the target and the lighting con-
ditions. It w necessary, therefore, to provide means
for measuring the integrated contrast of a target and
for specifying the nature of the lighting conditinna,

W0 Maxwellian View Photometers

Cleck Maxwell proposed & photometer in whics
n lens is used to form an image of tle target on the
pupil of the obeerver's eye. The lene then appears
uniforinly bright; its brightness, apart from light
losacs in the lens itself, cqualy the jutegrated hright-
ness of the target. Most visual photometers can be
mdified for use ar Maawellian view deviecs, Al

eSS R ONY S P
stiles-Crawford effect,?? their resnits are 1sually
sufficiently reliable for uee in vieibidity caleulations.

A convenient Mauxwellian-type photometer ecan
be preduced by fastening a short-focus photographic
objective (f =2 inches) to the front end of the
drawtube of a Luckiesh-Taylor brightne:s meter.#?
The quality of the photometric field ean be improved
by cementing & tiny positive len. to the front (inner)
vid of the ocuiar tube.

Vhen a Maxwellian view photometer is used for
the determination of the integrated contrast of a
ship or plane, allowance must be made for the fact
that the target does not i} the field of view of the
photometer precisely. One method for making such
allowances will be deseribed in the next seetion,

“19% An Integrating Cortrast Photometer
for the Study of Models

A recording photoclectrie photometer for study-
ing the integrated contrnst of model ships and model
planes wax built and used by the Tiffany Founda-
tion to measure models of submarines supplied by
the Bureau of Ships and mudels of aireraft supplicd
by the Burcnu of Acronacties.* Thereafter, the in-
strunient wan moved to the T 8 Naval Air Station
at Patuxent River, Marylund, where it is in use by
Navy personnel.

Cumparative studies of the integrated contrast of
different camouflage designs can be made very
wuickly with this instrument, the polar curver of
intogeated contrast drawn by the photometer indi-
eating the directions in which the target is lrast
likely to be visible,

Tuz Hisw Hiwe Paosecr

In unler to provide the photometer with an unoh-
structed view .f the harison, the Tiffany Foundation
erectedl u 80-fuot tower atop High Hill, South Hunt.
ington, Long leland. Thia site only a short distance
from the Tiffany cstate, is the highest point on
Long Island. The tower, shawn in Figure 30,
vlevated the apparatus above the tree tops. The
phutometer was mountes oz Uk rond of the inclusur,
which housed the recording spparatus at the top of
the tower,

Figure 31 shows the photometcr s by bolie it
was ineitie L in the tower, The nanlel © ir mounted
on the arer end of an B-fuot arm K, designed to be
rotatesd by the vertiea! shaft £, Two identical photo.
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Tower on High i), South e aglon,

| NTC TR N Congreany pelpetomiemnt el an e
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fdave ot e el ol ot plo o agetes sem.

weli g sy

whisttiwrtee] veenw ol the b wohag

cleetrie phetomecess 4wl B oare sapported and
bbbl by the siine shaft. The Beld of view of 1y
hower photemeter B inchides the snodel, e that ol
the wpper photimeter 4 ddae it A varunns-tule
bridge eirenit 1 Figure 321, honsesd in fax 1, 15 nsnd
e panstoeell eureents o e taa
phatimeters. V slitier i plutoineter 4, cperatad
by eemtrud Ao wlinets the aonmint of hight entering
the tap photometer nutil it vounts the light enterag
photometer 2. This ecirhition s iadieated by o gere
weenter? peasding 8 the hght-beam gaivanmder §
wn Hie vpwernter’s bl The settang of the <huttee is
tmlieated by ceearding foen 1 on padar geaph papeer
attuched to turntable M which is geared s shafe ¥
The plunometera nealel amd greghe pager ane e

) v .|.ii.;

Facrke b hndegiaing contimst photometey hefore
being mounted in the tower,

Frivur 2. Cienit dhagran of the yutegmbing rone.
teust pholimneter,

P, K0
the anbegsating cotiltaet plustaticier,

Cantra! Jeok and evarhing wechanim of

tatenr coltateonsly by erank (00N chimpeeup view
ob the ceptror desk amd recording mcenanmiom i
v in Figuee 33,
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Froowe 3 Photographa of typical suodels tosted with the integrting sontract phastoncter

Metal saeks wi the 1vge shin budia e vl oginph we o L0 LI T T B e A L e

Cuntta ioN ror EXsHa s R karat sn
The fiehds of view of both photenwters are ey
srulhd by identieal metal masks e v minteh tha
shape of the turgets as closely as possibde. Two seh
ke are shovn in Figme 33 The arvas of e
ks and of the image of the msded ane detennined
by enpuming a plutogeophic plate beland e sy
uined ncasuring the arens on the recalting pictune, A
coprection for the extrancois background surroml-
Ing she Bnage 1o e in the following mannner.
Let N~ the ratio ol the ight reevive] by phee.
teaneter B o the light reeciverd by plib.
tometer A
By =t brightness of the lairizig sky,
Ry .:the average Lrightness of the mde;
Ao = the area of the unage of the ficld stopan
the planc of the nnadel; .
Ay == the projected aoer of the wodel,

Fhen
. "u.‘u+ |.‘.'" .."”” .
A Nty ' .
The integrat 1 eontrast of the nealel is
g - lig
[ . 181
"

Combaning mpuations 13 sl

. . N

' S Y R ih

Ay

Motmd, Stuntes

A axpical prlar curve of itegratel eaetzasn of
the unudel airplane sivwn in Figaee 33, 0 <
Future 33 < silar curves for ansiel aireralt and
nuedel =aboparioes will be band in OXRD Report
Nu. 8833,
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134 THE VISIBILITY OF NAVAL TARCETS

he integrating contrast photameter can also be
used to determine the refleetance required if a uni-
firm aurfaee perpendicuisr o the line of signt at
the medel is to have a contrast against the sky equal

e’ 130 150°

240" Ar2e

Fraver 33, Trpieal polar cueve of integratnl inherent
contrast for the manlel airplane shoun in Fuagure 3¢

to the integrated contras . of the targst. This has
been called the avermpe reflretance ¢ ol the neiel,

It i related to the averuge brightoess of the nwedel
by the relation
Hy = 66' . 18)

where £ the illumination un & plane perpemdiculns
trn the line of sipht at the el

£ can be mensured in the follawing manaes. ot
ihe model be replaced by any uniform fiat gray
surface of reflectenee g Tiie surlure <uald be
Inrge cnough to BN the Aokl of view uf phetometer
# and shoukd ne miounte:d perpendicular te the line
ul g, Let the mtio of the light entering photom-
cler B 1o the light entering plstometer 4 be dowig-
rated by K° Then

R = QE/“Q [} 1]

Esquations (71, (8}, and 19) can bn euuhined b
whow that the ~verage reficetance of o muadel is ree
lated G its integeated contemrt by the relation

n:ﬁ;lf'-é-ll. Qo

PR ¥ Y B A S Y S Y R T R

A simple, rugged contrast photometer for field!
e was construeted by the Bastman Rodak O
pany under Contract OEMsi-1070 (Figure 36). The
instrument consisty of a gray plastie case pioet
by & central hole through which the background ean
be viewed, A cireular, transpurent absorbing weddge,
contained within the ease, covers this hole, In use

Fut'an 38 ° crmtraet plustometes 1or Sehd wse

Nk the e, comt the ivegretnd naitad of s Suget
vt bo Letvemuime. .f the serpege cwlrteme of the targei @
Aprwn

th phetiniseter i hekl with its surface pevpendien-
lar 10 the dine of sight as shown in Figure 37 The
wixlge is then rotatest by the thunibe o the wperator
until the ke apaurs 1o be as bright ae the rurface
of the ense The integrated contrast of any tarprt
of mvreage refleetance ¢ b related to the seale reaet
ing vl the photometer ) by the relation

28 U
i n o

A sl pomographic rhart repeeseating qua-
ton 1111 way be monnted v e beeg ol it
sopa o 1o [arilitate its use -n the fickl (ne of these
waroments was Lamned over ts the Navy fir use
in the Pacitie.

L an
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Viwss 37 Contmast plactutheter it

tiiare trium the iy o rlhanmmte o uwasise oof apevis §ogdh
whuli Lont lee wpmtatur’s Bvkl ofF Vew to the siefive wd the
P eter

Lres The Sun-Ratio

The intrgrated contrast of a shap or 8 plane e
eieks on the natune of the Bghing combiiions. for
thewe determine the pattern of Mthlights ami rhale
ows. The new! widely vswed imies of the Ighting
rotilitione is called the sumemibie, 1t s, by definithn,
the ratio of the llumination oe 2 vertical suriace
facing the sun to the ilhnninatiog o a vertical sur.
fare {nving away from the sun. The sun-rtis varie
from uBiY ob a2 Wifandy snervast day 10 30U or
HRT DERP sunFise o supsed i chear acather,

Figure 38 shows one of sevvral (xpes of sun.eatin
weters which were built or tested.® An entlicr nunk]
uf This insivmivet? wis Goed by the Tiflany Frumda.
tr in ~onjunction with the inteiating cunfeast
photometer on igh Hili, the shapes ui the pular
curves depemting wpon the vabw of om rathe

Lt A QONTEMPLATED HANDBOOK
OF VISIBILITY

At the autset of its researrh on the visibiiity of
tatgets, Sevtion 183 war asked by the Navy to e
pate a handbook of visibility suitable for uee under
operations] cunditions by aonspreialites! persomiel.
Considdernble though! aae given to the prepamtion

e Sue W VORI, A QP Whs Degun by the sce-
tion c¢hief, However  the requisite experimental
data i pot beeewe wvattable o time for the mane-
seript to be completed

The handbook of visibility, a~ planned, woubd
have been limited to the visibility of naval targets
slong horigonta, paths of sight. It would unve eon-
tiiredd, in concise Torm, awch of the informatien to
he fownd in this chapter, together with nomographic
visilality ebharts for cireulnr tecgets (Figures 2
“hrough M. The prineipal Jeature, howeser, was
abenddd to be o laege nmober ol worken exanples,

!

e IV Gmoriom maeler

Lo ool weeeny Jee e e vete, g cplew s i
e 0w sulumre F ety okt Ve« o Ll Coan g o b
. e bepet ve Savoy Cpge phedalot s slia

Wastoaled by seetebe: ot platograshs and e
upon pract. 2l probieme sulanii‘ad by Navy asreon
olbveir. Those prohlems, opiesd of situviions on-
rtatered under vgn ratadal rlitions, w mld have
twen implomentet by special charts and Tables e
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vISIBILITY UNDER OPERATIONAL CONDITIONS

sughivw o Lnetlitate Lile calaniations. Fgure 39 shows
an example of one of the eharts picpared for the
baadbook. This nomograph indicates, for any heigit
of the observer above the sea, the height of target
which will 1o »een in line with the horizon. This
Chat s v oises o Legononietrie spproxin tion, and,
therefore values obtained with it take preeclence
over those obtained by means of Bowditeh's rule.t

00

W - . L e e -

0"
[-2ad

L

AVLAAGE SKY SIGHTNESS 18 FOOT-LAMBLATS

SOUAR DEPALOMON i DEJALLS

Frovus 8. Plot of calie - of sky brightaess ax o (une-
tion of solar deprossion ompibea from datu published
by the staff ob the U N0 We cher Burean. Madere
overenst mav be allowed for Ly lowering the vade of
sky brightness by a factor of 10,

Fur turgets more distant than the hurigon, use
the right-hand 1outsisder seale murked Height of
Target und the right-hand seale marked Target Dia.
tonee In the case of tirgets which sre letween the
obwerver and the berigon, use the fefihumml vinside)
seale markesd Heght of Targel aml the Jeft-hand
senle marked Target Iistoner,

Another example ot the charts planned lor tlic
handbook of visibility i= showvn in Figure 40, Com-
piled from daia published by the staff of the U, s,
Weather Bureau, % this figure indicates average
valioes of sky Drightness as a function of solar alii-
vple, It 15 mtetted o seov ar v oguide in selesting
‘ne tpproprinte value of  adaptation  brightness
{By) during sunrise or sunset, when the brightiess
of the skv undergoes a millionfold ehange of bright-
ness within a few minutes, The value of solar alti-
tude at any time, date, and loeadon can he com-
puted from standerd navigatica tables.

412 VISIBILITY UNDER OPERATIONAL
CONDITIONS

In predieting the visibility of nuval targets frem
the visibility charts contained in this chapter. it
should be borne in mind that the data represent the
performanee of excellent observers under nearly
hival observing conditions. Beeause of fatigue, div-
comfort, distraction, and the necessity for seaceh,
it ix to be expeeted that, in most instanees, actual
~ightings b e will veeur at vunges somewhat less
thun thuse indicated by the charts. On the other
hund, the atmosphere i sometimes so inhomoge-
neous that the actual sighting range may exeend the
range indieated by the charte. Fxperienes in the
wae of the nomographs ix the beat gide to the allow.
unees that should be made for departures frow the
conditions wpon which the charts are based. Under
nu circumstanees shonkt the visibility charts con.
tained i this ehupter e used to prediet the ability
of aviatois ts see objeets on the ground. This prob.
lem is edealt with in the following eliapter,
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VISIBILITY FROM AIRCRAFT

8.1 INTRODULTIOH

HE MINIMUM contrast required to make un objeet

on the ground visible from the wir can be pre-
dicted by methodn similur o thos? presented in the
preceding chapter, However, along any slunt path,
the changes of atmospherie eonditions with altitude
must be taken into account. This may be accons-
plished by means of the nowographie visibility
charts presented in this chapter,

83 STRATIFICATION OF THE
ATMNOSPHERE

Airmen view (he carth along slant paths through-
ou. which tie scattering and absorbing particles
vary in number and kind, The idealized ease of o
homogeneous atmosshere exhibiting regular, con-
tinuous stratifieation was discussed in Chapter 2,
wherein it was shown that the law of contrast atten-
uation alung *lant paths in such an optical standard
atmosphcre could he expressed in a simple form
fequation 136), Chapter 2] in terms of the optical
alant range it. This distance is related to the actual
slant range R by equation (28) of Chapter 2. Fig-
ures |, 2. and 3 are plots of this equation for various
vahies of 8, the angle between the line of vight and
the horisuntal. Values of true altitude are indicatod
by the tamily of dashed curves. These figures have
been called optical slant-range diagrama.

a8 Discontinuous Stratification

Gwovxn Hazv

The curve: in Figures 1, 2, and 3 apply only wien
no giadiy dissimilar strota are present. Undi.
narily, however, the air ncar the ground contains
dust, smoke, and luge water particles nol found at
higher altitudes. THis conditiun |+ frequently catied
ground hase. In elear weather, this Inyer often has
8 sharply defined upper boutddary, above which the
atmosphere contuine very little condensed water.
Above the houndacy, the meteurological tange is
often several times ar great as aithin the ground
hase.

tirapical Kepresentation. Figure 4 illustrates
how the discontinuity in meteorological range can
be represented on Figure 3. For simplicity, Figure 4
shows enly the curve for 8 == 25 degrees in Figure
3. Lot it be asstmed thas the upper boundary of e
gronnd haze ix ut an altitude of 5,000 feet and that
thi meteorclogical “ange is five tin ex grecter above
the boundsry than below it. Beginning at the point
corresponding to an eltitude of 5,000 feet, & new
curve hus been drawn having five times the slope ol
the origina! curve. The rolation between £ and R
is then represented by the accentuated curve; it
fellows the normal curve up to altitude 5.000 feet
and the steeper curve thereafter.

Diffuse Boundaries, If the houndary of the ground
hage s gradual rather than sharp, the accentuatcd
curve in Figure 4 may be roun-ied off to avoid the
abrupt change in slope,

The charueter and altitude of the boundary can
he obwerved easily from a plane ¢limbing or de-
scending through it. In many cases the pilot can
alio muke an estimate of the ratio of the meteoro-
logical range abeve and helow the boundary. Pro-
ficiency in deseribing the stratification of the atmos-
phere s acquired very quickly by any Ryer. unee
he understands what to Jook fer. Moreover, steatifi-
cation may be correlated with other wmcteorologieal
conditions, and experierce may enable very intelli-
gent guesies to be made by an observer on the
ground. Statistica! information concerning the fre
auency of oceurrence of common steatifie-tion enn-
ditions in a given locality can b accumulated in
the same manner as other .netenmlogical data.

CriLinga

Expericnce in drawing curves of modified slope
on the optical slant-range dingeam s quickly a-.
quired with practice Frechand curves are usunily
as precise s are warranted by the estimates of the
matio of meteoroligical rangos within the airata
Often, straight linre are suficient approximations
far curves of very great or very sinall slupes. An
example of the latter in the ceiding. Thi’ ¢ ae opagu.
elod "ok within which the meteornlogical range
in very short. Usually, the lower boundary of the
chaud layer is sharniy dedned. it ean be represented

138 CONFIDENTIAL




A VIR AN

e e IO | T £ 4 LA W L ST TN 1 W B

5 e S o s ctm L e e e

PRI WA W 0 ! W s

R e ates £ oo 2 o gt 2 L 0

RANGE (YARDOS

-
.

SLAN

STRATIFICATION OF THE ATMOSPFERE 139
OPTICAL SLANT RANGE (YARDS)
fvaLues ofF R
n
1400¢0 425000
! 35000
400000
130000
125000 373000
120000
\ 8000 350000
1 C000
325000
105000
100000 300000
93000
90000 2713000
83000
250000
80000 ‘:‘
75000 223000 3
10000 <
83009 200000 €
-
0000 b
173000 2
83000
30000 130000
43000
€000 123000
35000
100000
30000
28000 13000
20000
' 4000 20000
1 1 n afsee
10000 +H3 ;L
. 1 i ! - 2° 200
awoo +ht t 4 L +H
o B GHHIT SiediRseiieesfs HAR

» ") [} 0 ] D) Jeo S @ @, ) ta [
oo 90, Yo, 490, %00, 4905 0, oq 0g o, %o, ‘”"o °°"0‘°°°

OPTICAL BLANT RAN (YARDN
ALUES OF

VFiuvax |, Oplical slant-range diagram for the optical standard atmosphore

solid euriem tvprewent the relstion beiwem N sad A or variows sight raih @+ . w snglre 0. Brubon lines repreeset leet of squal
shidwle, cuprossnd la fost.

CONFIDENTIAL




140 VISIBILITY FROM AIRCRAFT

RANGE (YARODS)

SLANT

OPTICAL _SLANT RANGE (YARDS
[VALUES oF Rj
0° o
o o o
of o o 0
£ pl < /\5./ P /‘Q' ) "‘0/ °
p. 3 A AN T
A 1
22000 \ - T T
o BN \} A AN "3( - -1 — e 65000
AW I .
21000 - AN - AR \\ \%\ y -
¥ A\Y \ \ F 1} \ ] y
20000 - Y X \ -k €000
N e AN =
V8000 =1~ TN U I TR LV VA T W A T i —
NI T‘ - \} \\ \ \‘ A3 \} - ymmt 88,000
t8p00 - | - A\VERYER'AWR SN TA T B
AN NN G, . N VAN A = R
L7000 \% \NWAY \\ A} Y Tt 1 seo000
e - \. i\\ \\ \\\ I \\r t | 3""—i -t
18000 —— -7 ¢ AL AR IRAVER VA LWA SR VR ]
N A S G AN A\ AUA W A\ N
18000 —t NPOR R T — 45000
-t =+ X \ AW T
1000 4—7 ; o AN VLW R T RARE A o A
\ — T P SN AR\ A =t 40,000
130060 f e - AN ARAE\Y N ‘:’
e L ayaia ~-
12000 , S : AVALARARY Ji 33000
; o \H A Al 1 e — )
1,000 —— i r e \; \\ at s i
- ; T NN LY A R
10000 g e A S R = t-— 30,000
i S S _{\ N 1\ W U SN P S (e s
2000 — ) ..\ A
- R S PR .L 23000
8000 — e e - . L - [
e ——— ——— - e S Sadd t
] = J RS S j -
000 ; " A i:::% '"i - f::, A :.. o —— 20000
6000 —— +
%000 ~ 18000
4000 + -1
i 10000
3000 }
i
2000 iy b
—_—t -l 8000
loo0 Pt S S e el .
-—-—v—ﬂb— *—1!—- ” " - T O
° HINS QRN G . —t °
@ ’ ‘ 19
Qooo "ooo %oo 99
OPTICAL SLANT RANGE (YARDS)
vaLues or

Fuvar 2. Optien slant-mnge disgram similae to Figare 1, e« et to the solition of oobleins involvong shorter
slnnt mnges,

CONFIDFNTIAL

SLANT RANGE IFEED




1 R )

B T B G LIS T < RV, L

e e e

i e . v

SLANT RANGE IYARDS)

STRATIFICATION OF THE ATMOSPHERE

OPTICAL SLANT RANGE (YA RDS
ALuEs oF

(+]
»°

t 0000

o
—~ 30000

20000

2000

286000

-+— 21000
-L— 26,000

—-——-—r— 25000

80¢C0

24000

- 23000

'*“F— 22000

7000 : : - - —1— 21000

4000

000

4000 —

W00

2000

1000 =

|

--{— 20000
- =002
k 18000
|- 17000
-t 18,000
t— 15000
= 14000

13000
- 12000

= 1000
t—-— —1~ 10009

- 0000
— 8000
- 7000

1— 6000

- s000
-+ 4000
3000
2000
1000

o
Yoo, Y0, Y00,

%

OPTICAL "L ANT RANGL (YARDY
VALLFR oF

'°°o, ‘."% 00, 0

Fiovak 3. Optical slant-ang diagram similar to Figures § apst 2, but adapted 10 the solutien of probleain
still whortrr slunt ranges.

CONFIDENTIAL

twvolving

SLANT RANGE (FEET




IRt Y

[P

P

TR P v s -

142 VISIBILITY FROM AIRCRAFT

OPTICAL SLANT RANGE (YABDS!
(vaLves of A

0 .

(v} 0 0 Q 9 ] Q 0

N 20° 80° 40° «9° 59° a0° 49° 20 \ )

100.,0 . = r 30000
K l 20000

X 1 28000

2000 SN R _P-_- - | : 21000

26000

) —_— 25000
000 L\
e 4.____..(. e i 23000

—_ 24000
SN S \ — e 2200c
7000 - v e =y 21000

. N

- 20,000

1 9000
18,000
17000

6000

— - 16000
13000
14.00C

SLANY RARGE (vanpne

3000

- 13000
4000 -

12000
- 11,000

100C0

MWo00

9000
t— 8000
L 1000
2000 . R 0000
- - o e 3000

,,,,, SRS WU S : 4000
000 1 L 3000
- 2000

4 T, %o
%0, Y0 %0, % %

OPTICAL SLANT RANGE (YARDS)
[varues or

Fineag 4. Optical slant-range dingram lor 0 = 28 degrees. Yot intended for un in enlving problems.)

Avwatuatnl runce shows relatan batween N and & whoa 'he gl hase lisa o sharp uppee toumiary ot 5,300 feat, sbove o hich
the wetruridngienl raiae is fve time groater than (L & below the bousdary.

CONFIDENTIAL

SLANT RANGE (FEET



2

STRATIFICATION OF THE ATMOSPHERE

B onmp.

AN 3N Tt MR T

sy v

(U

SLANT RANGE (YARDS)

o9

OPTICAL SLANT RANGE (YARDS)
[vaLuES oF R]

(N o0
o
¢ e

0
o
\0 G

10900 —

O
30,000

29.000

9000 —t—

28.000

- e—- F- 27000

— 28,000

Jr- 25000
|

8000

24000
- 23000
22000

21,000

7000

20000
19,000

6030

1 8000

17000

— 47

T 16000

15000
14000

13000

12000

4,000

- 1L000

10000

000

e —

BRI Sl Fo2v k]
-—4- 8000

1000

2000

6000

—— %000
4000

3000

1000

W00

\ 1000

i
'Qooo %0, ‘°o° "°o° AR “°o° %o,

OPTICAL ANT RAN%‘ IYARDS)
vaLuEs or A

Taver 5. Optical alantannge dingmm similar to Figure ¢ exoept for 4 ~riling nt 10,000 feet. (Not intonded fur use

in solving problems.)

CONFIDENTIAT.

SLANT RANCE (FEET)



144

VISIBILITY FROM AIRCRAFT

X B RS T T SRR TS PO L
straight line passing through the point on the stand-
ard curve which corresponds to the altitude of the
coling (Figure 21,

('ei! 1y Zero. Even when the ceiling is at ground
level the nomographie visibility charts contained in
this chapter can be used to prediet the visibility of
ubjects ulong slant paths, However, it should be
noted that the relation between R and B within the
hiaze blanket is given by the printed curves on the
aptieal slant-range diagram rather than by a hoi-
zontal line. The slope of the curves on the optical
sani-range dingram does rot depend npon the mag-
nitude of the meteorological range. The slope of
hand-drawn seetions is governed by the ratio of the
meteorological ranges above and below the stratum
boundary. When fog cxtends to the ground, the
limitation it i~.poses on liminul target distance ix
taken inte aes.ant by tue value of mereorologienl
range ente ced on the nomographic visibility charts,
the velation between K and B being expressed by
the printed eurves on the ontieal slant-range dia-
gram,

Ll it

x4 NOMOGRAPHIC METHODS

The coneept of optieat slant range enable: nomo-
praphic visibility charts of the type discussed in
Seetion 4.6.1 to be used to prediet the visility of
objectz along =lunt paths, The romographie chart
<hown in Figure 19 iz constructed aronnd eontrast
ceduction equation (31, Chapter 4, This equation is
ol the same form as equation (361, Chapter 2, which
oxpresses the law of contrast attenuation  along
<lunt paths in terms of the optical »lunt range. Fig-
ure 19 can be udapted for use in predieting visibility
from nircraft by changing the legend of the seale
marked “Liminal ‘Target Distanee” to read ©*Values

of B.°

7' Visibility Charts for Aerial Use

A series of nomagraphic cisibility charts for eie.
cular and reetangular tangets at decimal levels of
adup-ution hrightness are presented in Figures 6
through 30, Each of the twenty-five figures 1 Figures
i through 30 & o nomegraphie visibility chart 1
unifurt cirerlpr or reetangular targets een by an
observer whose eves are adupted o the value of
brightness indieat «l at the lower vight corer of the
dingram, ‘The shnpe of tavget te which a chart ap-

gram. When used m the manner described n toliow-
ing text, these eharts enable the visibility of ta gets
o the ground to he predicted.

The assumed value of adaptation  brightness
tBy) ix indicated at the lower right corner of
each chart, The deseriptive phraves, such az Full
Daylight or Quarter Moon. are intended to serve
as a rough guide in scleeting the proper chart
for solving a particular problens. In making the
seleetion, however, it should be torne in mind that
the lovel of brightness to which arn aerial observer's
eyes are adapted depends upon the average refieet-
ancee of the tereain at which he = looking, Therefore,
the deseriptive plirasex are applicable only to cr-
cumstances when the sky-ground ratio is approxi-
matelr unity, or when there is sufficient haze to
make the apparent brightness of the carth approach
the equilibrium value tSection 23.4). Otherwise, o
chart for a lower or higher value of B, should be
used, For example, on o very celear but overeast day,
Figure 7 should be used te prediet the visibility of
eirenlar objects on u large fiekl of snow, but Figure
8 should be used to prediet the visibility of such
objeets in a verdant landseape for which the sky-
ground rativ is 10,

Proaneren TarGer AREA

Before the vishility of an objeet on the surfnee
of the earth ean he predicted. itx projected area
must be determined. For example, the projecteil aen
of a flut, level surlaee iz simply its true aven mlt-
plicd by the sine of 8. In the ense of targess that are
not fiat, devel suifneer, the projected uren ean he
determined graphically by techniques knewn 1o
every ddraftstnn, The projected arens of oxisting
struetures ean be determined from properly e
oblique acvinl platographs,

Efieet of the Atmosphere. Beeause the aunosphiee
wlong the line of sight ix stratificd, the slant range
ordinarily execeds the uptieal slant range. Thepes
fore, the target netunlly sutends o simnter anghe ut
the observer’s exe than if it wore at distanee R,
Wrom the standpoint of the user of the nomographie
cisibhility eharte, the e tmoaphere w eguivaloat to an
optical syxtem producing demaygmification.

1t wan songentedd iy Seetion 4.8 that the magnify-
ine offeet of hinoenlaes ean e ol e by cneers
L inerenred sudue of target area into the nomo-
greaphie visibility charte, Rinularly the “demngmis -
ing” effeet of the atmesphere nlong slant paths can
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194 VISIBILITY FROM AIRCRAFT

a redreed vaiue of target arca.

The reduced or effective projected target arca A
iv related to the projected terget area A by the ex-
pression:

v

— R\
A-(R)A (1)

A nomographic chart embudying this relation is
shown in Figure 31.

3+ THE REFLECTANCE OF NATURAL
TERRAINS

Natural terraias form: the background for most
objects seen srom alofi, Protective concealment has
been attained when, to enemy eyes, the object is in-
distinguishab.e from the surrounding terrain. The
design  ca) .ouflage by engincering methods must,
therefure, be based upon knowledge of those optical
propertics of natural tesraius which determine the
appearaace of the carth from aloft. The experiments
described in this section nrovide sune of the re-
quired information.

$4d The Spectrogeograph

A specially constructed spectrograph adapted for
aerial use was required for the study of the optical
properties of uatural terrsing. Under the provisions
of contract OEMer-717, the FEastman Kodsk Com-
pany undertook “the design an¢ construrtion of an
instrument and the development of techniques for
ita uee in mensuring the quantity and spectral qual-
ity of radiant energy from natu. 2l daytime sources
reaching an seruplane during flight.” The instru-
ment (ace Figure 4, Chapter 1) was called & aperiro.
grograph at the outeet of the program, winn it was
thought that it would embody the prineiple of the
well-known sjpeetroheliograph., The naine was re-
tained as & code word for uae in vielussifiend corre-
spuadenee after the spectroheliograph principle had
heen abandoned "

The spectrugrograph is eswentislly a photogrsohie
spectrorsdiometer capable of messuring the spectral
distribution of radiant encrgy seaching aa airplace
frum the ground of from the sky. The spoctral ve-
fioetance of natural terraine can be determined hy
comparison uf the cnergy reeeived from any terrain
with that reecivea {romn gray pancls of ecveral

this limited sense, the spectiogeograph may be cin-
giderec to be an aerial spectrophotometer.

Prior ARt

Two previous investigations contributed to the
desizn of the spectrogeograph:

1. A four-lens aerial camera in which varicus
filters were tested for their effeet in reducirg haze
in aerial photographs is desciibed in a mwiograph
on the theory «f photography, Number 4, jrom the
Research Laboratories of the Eartman Kodak Com-
pany. The title of this monograph is Aerial laze
and Its Effect on Photography from the Air>*

Photugraplss were taken from tie air wiih this
camera at Rochester, New York, and at Langley
Field, Virginia, in 1918 and 19i9. The method con-
sisted essentially in photographing three test objects
ta black, & gray, and a white canvas, cach 60x60
feet, of known reflectance) spread upon level ground.
Four lenses, each of 10-inch focal length. were lo-
cated in a single lens board. The plate holder cairied
four 4x5-inch plates. Provision wax made in cuch
ens Saired fur the inseition of col filters. The
camera thus served as an abridged photographic
spectruphotometer, since the filters chosen were
such as to divide the spectrum into sharp intervals
of known limits. The reduction of rontrast hetween
the images of the targets, when phuatographed on
various days, at various altitude: and with various
degrees of hase, was determined by photousnuc
photomet.y.

2. An acrial spectrograph was employed fur 8
similar purpose by R. Bchimpf and C. Aschenbren-
ner in 1034 and 1039. Their iuvestigation was de-
sciibed in the ZcitscAnft fur amgewundte Photo.
graphie® Vol. I, pp. 41-81 (1940). The spectro-
graph coasisted of a direet-vision Amici pris:n be
tween collimator and objective lenses. A cullector
lene was placed directly beluw the epuctrograph
slit and an image of the ground was fucused on the
prism (Figure 32). A «top wedgy was placed in con-
tact with the alit 2o that the spectrum was divided
into seven intensity bands for calibration purpoves.
The exjawure tune vus standardised ut § erconds,
with the result *hat the image uf a lung strip of ter-
min svepl acrom the priem during the exyosure.
The spuetrogram olained with 'V arralgtonnt
i of cvurve, that of the average illumination from
4 very large aren. Neutral-density filters were used
in frat of the collector ens to reduce sl exprsurcs
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196 VISIBILITY FROM AIRCRAFT

was mounted direetly on the floor beards of the ajr-
plane, =0 that in normal straight flight the exposure
was vertieally downward.

Threr terrains of typical nature and sufficient ex-
panse and uniforinity were selected in the vieinity
of Berlin, namely. a mcadow, a forest. and n lake.
Immerhately prior to each flight, a comparison-
reflecting surface lying horizontally on the runway

Fravae 32 Scuimpl and Ascheabrennoer uerinl apee.
trograph.

was photographed from v height of 2.5 meters, The
several terrains were then photographed from aiti-
tudes of 100. 1,000, and 2,000 meters. The spectral
reflectances of the terrains were then deduced from
the densitivs of the speetrogrums of the comparis'n
surface and the terrains,

NTRIP-('AMERA PRINCIPLE

The speetrogeograph had it inception when an
instrument mudeled on the prineiple of the spectro-
heliograph was conceived. In the first eoncoption
tsee Figure 331, an ohjective lens was to form nn
mage of the ground on the alit of a spectrograph.
At a selected wavelength in the focal plane of the
epectrograph, a secomt slit was to be located in front
of 0 moving steip of flm. Tne rate of movement of
this £hn was tu be synchronised with the rate of
v eineut uf U image of the grouind, so that ® con-
tinunus strip photograph of the ground would he
produced by light of substantially a single wave.
Iengin. The oeation of the slit in the focal plane
wis o e wdjustabile. With an instrument of this
kind, each wavelength region would require o sepa-
rate ilight aver the target. Nince dayhight changes
continually, there ronld be no assuranee that we
results for the several wavelengthe, recorded dur.
IR sUeoomive passages over the Lermmin, were eoam-
ynrnble.

Such an instrument might b uselul fur studies
in *hich only one wnvelongth segion necd In eon-

Fritus 3. Muving-flin type of spertronroh,
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flage. but cxpericace with aerial strip eameras does
not encourage the use of this method for photo-
graphic photometry, which imposes the most severe
requirementz of unifermity and reprodueibility of
exposare. Consequently, an alternative to the strip-
cumera prineiple was =ought.

[MacE STapiLizationy BY OpTical Meaxs

tefraction in a thick, rotating glass plate has
been used in high-speed motion picture photography
by syvebronizing, during a sufficient exposure time,
the motion of the reivacted mage with film moving
continuousiy at a high speed. The converse of this
priuciple was finally applied in the spectrogeograph,
The refraction in the glass block produces a Jdis-
plaecment equal and opposite to the rate of motion
of the image of the ground in the foeal plane of an
aerial camern objeetive, In this way the imege ix
lield stationary upon the slit of the speetrogeograph
during an exposure time three or four times as great
as would be obtained in a strip comera with the
same slit width, The film is stationary during the
expostive, ne slit s wussd in the foenl plane of the
speetrograph, and a complete speetrogram of a strip
of the image is obtained in a single exposure,

The two prineipal problens in conneetion with
thi= arrangement are the synehronigation of the
hluck with the movenient of the inage formed by
the objective lene and the identification of the strip
actually unalysed in the speetrogran, Even if a
spectrogeam were taken during cach quarter revolu-
tion of the stabiliger block, transverse strips of the
groumed wortdd be misaal, the width of whieh would
be ut Jeast twiee the wildth of the strips annlyaed,
It ix, therefore, necessary 1o aim as well us to ayn.
chronise the speetrogeograph.

Tanser loENTIFICATION

An ddentifiention canwrn s neeessary o identify
neerrately the portion ol the termin analyssl by
the spectrograph, Usee of noscparate identification
camern wis consideret when the stativiary -filwm
v uf spectrogeograph was being designed, The
identifiention camera ctmbl he synehroniaed eleetri.
eally with the upening of the spectrograph slit. Sueh
un arrangement wonll have considerably «nplified
the ropstraetion and aperation of the speetrgro.
graph. The iden war rejected, however, Incnuse of
utleged installation limitations gl beenuse viben-
tin of the plane might disturhs the parallelism of

[ F TR

and introduce errors into the identine 1on of the
portion of the image anuyzed.

In the first ultempt to design a built-in iaentifien-
tion cumera, o mirror wae placed in the spectro-
geograph to reflect the light onto the identifiention
camera. This mirvor was to be hinged and the v'an
was to rotate it automatically out of the axis of the
spectrogeograph, preliminary to the speetrum wnaly-
sis. Beeause of the mechanical diffeultios of moving
this large wirror rapidly without causing vibrations
whieh would disturh the spectrogengraph during the
exposure, other types of identification were inves-
tigated,

A rtationary mirror was 1inally used m the spee-
trogeograph, This arvangement utilizes the fact that
the airplune is moving at a reiatively constant speed
toward the selected target. Althongh the identifiea-
tion cumera and the speetrograph slit occupy dif-
ferent portions of the foeal plave of the objective,
w photograph of the target which i: subsequently
anulyzed by the spectrograph ix obtained by syn-
chroniging the tinse lupse between the identifieation
and speetrum exposites with the Hine of transit of
the erosswire in the sight.

The speetrogeograph  automatieally  takes twn
identification pietures for ench speetrogran, One
uf these pictures is taken at 2 time when the se-
leeted target is cortainly imaged in the identifieation
camern, and the other is tuken simaltancously with
the opening of the alit of the speetrogeaph. These
idemification pictures overlap and ear he assembled
as e eomposite picture, It s u simple matter of geo.
wetric constraetion to identify exnetly the target
analyacd, which appears in the comprwite pieture
at a position known in relation to epossinrks in the
soenned ientifieation picture (Figure 34, The spees
teogram of the target indiented in Fiae 34 s
shown in Figure 38.

Drnenteriox or i INstresest

The spectrogeograph congiste of a £inch, f70
nerinl objeetive lons, an opticeal deviee which stahi-
lisen 4 vortion of the imege e o e stic of @ giating
soneetroraph, an ilentidention camvin, and o g
mechanism, The image stabiliser is driven by an
adjustable governorscontrollsl motor (Figure 38,
and it ix coupled to the sight with <hieh the yn.
chrantznts ool the image and stabiliger specds is
verified amt the desired target selectod. Bleetrie cie-
ruits, which are controlled chiefly byt sight meeh.
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Fiovre 34, Compasite idenrtieation piete

Frovus 38, Speetrogran eortespomding o Figare 3.

anism, artunte the shutters of the identifieniion
and speetrum eamerns and initinte 1 transport of
the filtn nfter cach expwure,

Optiral Syaterm. The optical systers is shonn iy
Figure 37. The 24-ineh objeetive lens i provided

with wn arix diaphragm, for control of exposure. A
gradunted knohe contrulling the aperture is loeated
an the right side of the eaxting below the sight Tx
ure $, Chapter 1),

The aptical stabilizer deviee, which holds the
mage of the ground stationary upon the speetras
graphic sht during the exposure, consists of & gl
bloek having potished plane pueallel surfaces 1Fige
ure 381, Thix bloek i mounted »o ax o rotate in
front of the speetragenph it The rotation is abont
nn axie perenlied 1o the dength of he slit, When this
block ix rotated at the proper spead, the refractive
displacentents of rays pasemg through it compeneate
for the motion of the image f the gronnd in the
focal plane of the 24-inch aerial objective lens. The
provisions for synchrnizing the spead of rotation
of thix bloek with the velwity of the neage of the
groumd forined by the oljective will be deseriled
subsequently,

The Speetrograph The - oteogeapeh nroper 1 Fig.
1 30 consite of noslit 3 inches long, collimatar
und cumera henses each of 18<inch foenl length and
3-inch dinneter, amd a Wond, first-ordir replica
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LI R
4-inch square area.

The film 1= held in the foeal plane of the spee-
trograph in the il maguzine of a K-24 automatic

«w 00V

s
waull

GRATING
~FILTER
FILM-

g

AT - A GG TS W Wy Wl 1. T ST Yy * —

FILTER

Fravan 38, Phot agraph of Il side uf spavinugeugragsh, ]
showing governoi«controlial motor, i lentifieation and

spretrum catuerms, ok pueveope, oky amd praetier cutie /
trol lever, cuinchleiee cuntrol beaer aml pererage iy

shutter fever.

acrial camern, the tnechanisi of which provides
ligh-speed automatic film chang s, The fucai-plane

shutter cmtain belonging 14 this mechanism has Faoas 3. feteh of s uptual sy st of spectr
been retaoved, and the spectrograph exposure ie fon- wograph
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10).

This vane is opened by a solenoid when the image
i first synchronizged on the slit, venins open as
long as *he image is held stationary on the shit, and
closes agnin before the block 1otates beyond the
extreme position for synchironization. The block is
mounted in a etal eylinder with apertures cut

e

—-

Ve

2

i\// e

= QIRECTION OF MOTION OF IMAST

Fravwy 3R Cross sevhionse of stabilizer bloek wid
evlindrient spertures in rebdion to slit for sieeessive
powitions of the bloek

awny opposite cach of the taees CFigaee 40, Fhe
remmmning portions of the evlindiee prevent lighn
from entering or leaving the block wt angles in ex-
vese of thase for which acenrte stabilisution is ab.
tainel, “The slit-vane opens amd closes while twe
sucermsive opugie portions of this exlinder are in
front of the shit, Conmsguently, the odges of the
apertures of the evlinder actually contenl the ex-
postive the stit-vane werely confines the expususe
ta one of these apertures,

Identification Photogrmpha, Lientification photo-
grupdie of the gronmd are made by retlection of 8
portiken of e image formd by the objeetive lene
it o seeond R-24 antainatie camera. The caposiire
uf the il in this ewimera is controllsl by the foenl-
plane shutter whirh i a staminnl part of te nechas
nistie. Tl Bl s ekl aceurately i the focal plane
by heing pressed agrninst n clear glass plate throngn
which the fight et pise. Opangue croescs cngravml
on this pressure plate posduee the blentificatio
viurks in the pictures, A Wratten Nu. 12 haze Sltes
s comented aute the fnnt surfaee of Jhe preesure
plate of thie ramem.

The identification eamern photigraphs 8 portion
of the grovml aliened of the seetion hnrged on the
spectengraphs sl The central ray revanded in the

of the vertieal. Conscquentiy, the adentifieation
eamern must photograph the target imaged on the
apeetzographie slit prior to the esposure in the <pec-
trogeaph. The necesary interva! depends upon the

[
specsl of the immge in e focal plane am: is on-
trolled by the sanwe svnchnaisetion aleviee that
cantrols the apeed of rstation . the ot il W<k
Thee  snchromeating appwrative de part of the sight
mavhanin,

The Sight. The sight (Fanre 420 ie Imilt as an

e wiopd of isterau of oqm.tiw waiaph
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L e N P O e s L

eatrivd across the fueal plane of the <ight in a frame
which travels at a speed proportional to the rate of
rotaion of the stabilizer block. When the eromswire

remains co eident with the image of a target, that

Fiava $0. Perspective view of vane and o0

Frgtmm 3t Pregqavtine s wut od datulwe ¢ bhark, oyl
dir, el pemypding tactwren block aml sight mrclmasem

Bgot s foenaee] oot opretnagraph slit amd ite

unage reniais s statioinry while one nee of the da-.

budiger Bk rotatee st the slit. The speval of »
pvermtseomtmllod uetor, which drivee (e sia-
hitizet Wiloek ae well rs the cnwewine, is adjisted by

W ok

.u..;- o LRI sa el SRR DR} R »'l--n"l * LN
the sight-wire remains fixed on the image of the
grownd. The motor rotates the block continually, but
the crossveire in the sight .noves only when a ciuteh
i engaged.

When the target selected for spectral analysis ap-
pears in the sight and coincides with the erosswire
in it initial puwition, the operator presses a handle,

L ad
wat

r

W/
,N\l& @ Optial evets i of sighy

Theyy o iages the cinieh, am} e crmmenwpe tunes
Cant e evdneident with the whnge of the et
CTIRITY TCReN & ettty cor sge.el
ng b Sl et pumitho of the stabilieer blork e
wareh 1 Ianget ie inimget o the sBL, an cleetrie
contar  ofe the frane ahich canne o Comewg -
st A eirent thiegh 4 addemnd whieh agpens
the ~ane above the olit, thite exmeing the sguetne.
grans. Tl spned of e cnrewine ean b v arial by
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over & 16:1 speed raths This sopme o quaids ene

ables the imnge of the ground to be stabilized at

all altitudes between 1,000 and 16,000 feet, pro-
vided the speetrogeograph is flown at & ground speed
of 150 miles per hour. The image may he stabilized
at Ligher altitudes if the ground speed of the air-
plare is increased.

The width of the speetroeraph slit is changed
from: 0.05 inch to V.15 inch when the gear ratio is
changed from low to high. This is accomplist ed with
a lead serew which is coupled to the gear-shif- lever
(Figure 43). This arrangemert partislly compen-
sates for the change®of exposure time, which is
directly proportional to the time of rotation of the
stabilizer block. The use of the narrow slit for high
altitudes also makes possible the analysts of a
smaller area. The change of speetral resolution cor-
responding to ihis change of =li{ width is not impor-
tant in the analysis of the speetrally continmous
energy distributions which are observed from air-
craft.

~ GOVERNOR

SOM LIRCRAVY

o et Wb 40 Lo g e P
slresdy heen mcntiobig wihiieh wiay ve turned to a
position so o2 o refloet light from the top of the
airplane into the spectrograph sdit. Light from the
sky is brought to this mirrur by a periscope system
(Figure 44), which is designed specifically for in-
stallation in a B-17 Flying Furtress.

A flat, opai-glass cap is provided for the top of
the periscope tube, The light transmitted by the
periscope irom thix opal glass is representative of
the illamination on a horizontal pianc. Compensa-
tion for the selective absorption of this opal glass
and of the other optical elements of '« periscope
must be arcomplished by the ealibration proce-
dures.

A pair of adjustable mirrors is also mounted in an
accessory which may be placed on top of the peri-
scope (Figure 451, The light from any region of the
sky can be analyzed by this mirror system by ori-
enting it with respeet to the direetion o. flight of the
airplane and by adjusting the mirrors to reflect light
from various vertical angles into the periscope.

T MOTOR

WOTOY OutRUT

\"“‘Iﬂ

: STABLIZER
[TV i

Freure 43, Pempeetive view of coupling betwien gear shift and feadescrew  controlling «lit width
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Frivae 4. Perspective sketeh of purieeope system,

Oblique Terrcatrial Muror Nystem. A large ad-
Justable mirror sestem i provided for the inveats
gation of the spectral disiribution of energy e
eoived from the ground at obligue angles (Figure
480, Thix system can be plaeed in front of the
ubjeetive lons of the spectrogeograph With this
mirror system, the speetral distribation of the en-
ergy from targets as far ax 65 degrees from the
vertienl o Vo oanalyaed. These ablique angles are
perpendicular to the direetion of the fight of the
sirplane, so that flight paths can e laid out amd
specifi tanget arcas investigatud,

INATALLATION 0F THE roeTRocrounarit

The spectrogeogiap’: was desigtierd to e flows in
u D-17 uircealt partly beonuse of advice fnnn linison
officers that this type of airplane was more likewy
to be available thaa any other type large cnough
to cottain the instrument and partly beeause the
B-17 has a rewovable haten in the top of e fuse-

lage dirvetly over the enmera station. "Tlus permits
the periveupe of the speeteogeograph to protrude
alov the airplane when light reecived from above
14t e imeasural.

Figure 47 shows the speetrogeagraphs installed in
the camera pit of the RAITFIF-90 nirplane (Army
2208011 in which it war flown doving the experis
ments i Florida aud Califernia. The instroment
amd itx mounting {rames weigh approximately 280
pounds. The mun frames are wiolded stoet pueblelo-
grams which are boltad to the stapdand eamera sup-
vt BT and elnmped 1o the Auncasnpputt
ot ot the rear of the canera at. The sieetpe.
peoirnpli. in a neahlicd A-8 ing mount, s bolted
to the tups of the frames. The mounting is so e
signed tha the instrumen? is Wffset towar. o il

ol e lape o onder 1o give the righs aystem a sufi-
cient foewant view, This has the additional advan-
tage of tran<ferring at least sne-thind of the weight
of the instnllation s the foae stracture. The mount.
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Ficvae 48, Perspeetive sketeh of <ky-scennning mirror

BUsiem,

ot nx 8

Prerepecine ahsteh ot lange 1enr ovetrm
for ahligis tooratnal unalyses

ing is relativery troe fnen sidesway, but this cffeet
i» further climinntod by auxibhary weldel stoel
frames. trianguinr in shape, which are bulted tu the
sicdes oo the aain frooes and rest on the foor at the

Voarnes, clearly soowie o Righie 44, soTve o Ursisler
west of the weight of the speetrogeograph to the
floor ja case of har landings.

CALIBRATION AND {'sE

The speecrogeograph is not an easy instrment
te use. Teehnieal skill «f a high order and meticu-
lous attention to detail are required, net only at
the tiwe of the flight but liier in the laboratory.

Vi uk 47 Npwelrogragng boinstatksd in camem gut
Craelver roann} of o BT mirplone,
Prsiange o tmies thrvsgh 1gan haivk e nesf dueily abeo e

vanwtn datew. (P tgoapds T Poo i T huwal Ve, AAFY ALY
tehimin. Fhusls )

Usacful nenlts can be obtaimed only if tw experi-
wients wie plannat pied the findings imerpreted by
n oscientt ¢ thermghdy verseed in the physieal prin.
viples invilvesd

In an offort to preseeve thie expenieave gained by
seetion 163 uf MPREC qpd B santeactes e Til-
why Fonedation has prepansi a nepurt entit’=t
talibration anid Use of the Speetrogeograph, which
s intendhal to serve ne ne instrietion manuad for
aodvipuent aser< of the inst e, as well as »
reeand of the procabine by which Hu: data were oh-
tnined

CONFIDENTIAL




v om

g

.

[

THE REFLECTANCE OF NATURAL TERRAINS 205

A special photegraphic im was required (v per-
mit the spectram to be photographed without serius
overexposure or uxderexpoaure at any wavelengti
between 477 and 906G millimicrons. After many ex-
per.ment:, & double-coated film was chosen. This
conssts of an infrared-gensitive emulsion coated on
a supersensitive panchromatic film. The speetral
sensitivity of this material ix shown in Figure 48.
This curve was determined from exposures made in
the spectrogeograph. The density-versus-exposure
gradient of this film ix very different for the infra-
red than for the visible portion of the spectrum, and
this fact complieates sensitometry, expecially near
the extreme red end of the panchromatic sensitivity,

DENSITOMETER

Measurement of the densities of the numerous
calibration fihux and of all of the nerial spectrum
analyses represent a formidable task. A photo-
electrie densitometer is provided to facilitate this

e

RELATIVE SENSITIVITY

420 460 00 H40 0 @O WO T00 740 10 @0

WAVELENETH I MILLIMICRONS

Fiovme 48, Speetead sensitivity of donble-coated. pan-
chromatic, infrared film.

work (Figure 491, which is derigned to measure the
deasities of very small areas and to lueate the film
very aecurately in the measurement heam. Aceurate
loration of the film is necessary so that the portion
of the film corresponding to the seleeted target can

Fumrwk 8 Densitometer and power amplifiee
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Fritux 30. Mechanicnl stage and reticle of Jdcnsitometer.

be measurcd with eertainty, and a0 that i wave.
lengths corresponding to the messured densities can
be amsigned povitively. The Rl is placed on & e-
chanical otage which has independent rack and
pinion movement in vertieal and horisontal direc-
tions. This mechanical stage also carries a glnse
pettern which indicates wavelengthe and slit posie
tivnw by perpendicular linee (Figure 50). When the
vertical retiele line, corresputnding to the desieed
wavelength is coineident with an indicatar fixed to
the base of the densitometer, the light beam pawes
through che purtivh of the spectrugram expnieed by
tha! wavelength. The stage nmy then be racked
vertirally until the horisntal reticle line corre-
aponding to the pusition of the target i the slit is
also over the fixed indicator. As soon as this process
is romplete, the density of the image of the tampet
for the desired wavelenagth is sutumatically indi-
cated hy the densitometer acale.

Thke densitometer consists eoscntinlly of 2 meun
erater-discharge lamp located in a tube abuve the
speetrugram: & 16-mm, 020 N.A. micruscope oh.
jeetive located in the hottem of the lamp tube so
that a reduced image of the discharge eraior in

formed an the spectrogram: a vireulur wedge of
vontinuoualy verying optical demwity loeated di-
rectly under (he apeetrogeam; a mair of condenser
lenwes which refucus the image of the crater in
918 photocell; a second crater-discharnge lanp wh.ch
throws a comparivon beam into the plwtucell; an
amplifier; and & mtor which s contrulled by the
witput of the amplificr and rotatea the optieal
wedge to the balancing position (Figure 511,

The erater-discharge lumpe are exeited with 80-
eyele current and blased with suficient d-e voltage
eo that they are nit extinguished. The fux thun
thear lampe fluctuates very ncarly sinuseidally; the
fluctuations of the twu latups are exactly st ol
phase. The photocell is illuminated  ith a conbina.
thin of the light from the two lampes. When the ap.
tical wedgr is at the balanced positinn, the poaks
ul the Auetustivue of the plutovell itlaniantion
vrypnating in one of the lamps just compensate fur
the truughs of the illumination from the seeund
lsup, and the wW-eyele compes:al of tes ot~ 1l
cures +* in eluminated. Huwever, if the wedge is not
exectly al balance, the Auctuatims from one of the
lampe prodaninate and the rrsultant 60-cycle fAue.
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THE REFLECTANCE OF NATURAL TERRAINSY 207

tustions of the photocell eurrent are amplified. The
output of the amplifier passes through the two
shading-cuib of a Barber-Colman mutor (Figure
82) The phase of the fuctuationr and thercfure the
direetion of the rotation of the motor depend upon
which of the lamps is mwre strungly illuminating
the photuweell. The cutiwetions are arranged so that
the wedge rotates in the direction which equalises
the flux reaching the phutorell from the twa lampe.
When the balance is attained, the motor stops fue
Iack of 80-cycle current in the shading-cuils, and
the density of the sample is indicated by toe lnea-
tion of & density senle marked along the tim of the
“I*-:Q!‘." [l

The section of the Blm measured by this den-
sitometer s & circle 0.03 inch in diameter. The pho-
tuerll scnsitivity extends through the visthie and the
nfrarcd to 1.1 mictiie, with maxima neur 0.43 and
0.8 micruns and with 4 winimum senr 0.5 michans.
The wavelength centn..d of the energy measure] by
the densitomcter appearns to be at about 0.7 micrn,
although the effective sereitiviey cornsponde to
many peod lines seattered over & very wide wave.

/
FILTER

7HOTOCELL
Fuves 81, Schematic dingram of densitometer.

tength range. ‘The densitometer i calibeated te jndi-
cate densities of phatographie fln equal (o those
indicuted by visual densitumeters. However, it can-
nut be expected to irdjeate visual donsities for ma-
teriale which are appreciably different from gray
photographic silver depuwits in either spectral or
diffusing rharactoristics Xoune pluographie devel-
opers produce stained images of a character which
wuuld he measured incurreetly, but use of the e
veloper azd prucedure recommended in this report 1
will prudues deusits which can be incasured acey.
rately with the Jdensilienwtor deseribed.

The denritometer was shipped throughout the
country by air and reilrvuad and functione! satisfas-
turily and consistently with oniy minor sljustments
and ioplaccments.

4 Data from the Spectrogeograph

Two kinde of infurmation ohtainahle with the
specirugee eaph ate wefui in the Jdesign of cano.
flage by cngineering mothods, dala concoming the
aptical properties of the atmasphere along slant
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terrains

ATMOSPHERIC DaTA

Repeated attempts were made to obtain observa-
tions suituble 1or testing the theory and assumptions
underlying the optical slant-range diagram discussed
‘n Seetion 5.2. For a variety of reasons, such duta
were never seeured, Faulty ealibration procedures

[ S

PN
ot RDORENERASTR

Fuvas 33, Avrinl photogrph of Swiep gy senle
weed at Orlamde, Flornls

andZor mechanical filures of the K-24 cameras
spoiled cnch attenyd during the fights i Florida
atad Californin. These troubles were subsequently
chmimated and, after very thorough preparativns,
several flights were made at Bedfund, Massachusetts,
through the courtesy of NDRC Neetion 16,1, during
8 two-werk petiod. On every ot of these flyghts, e
visihility uver the target was so poor that ne usable
phutogeanhs cohd be minsde,

Restreraxos Dava

The zimplest ancd et arcueate methil for cval-
uating the refiertaner of a tertesteial object involves
a slirect comparison uf the light relloeted by the ter.
rain with that refieeted by cueli of & series of large
wrizontal gray pancix in gray scale) laid noarby.
The spectral refiectadee of cach pancl of the gray
scale cab be deteninined in the lalwratory by means
ui a specirnpholomelsr.

of painted panels of Celotex (Figure 53) was used
for this type of cxperiment during a weries of Sights
from the airbase at Crluado, Flonda. On 4 Jday
when the sky was completely froe from elonds so
that the gray sexle and the surrounding countryside
were fighted aniformly, the speetrogengraph was
flown 1 constant altitude over the gray seale and
over a variety of nearby terruins. After develop-
ment, the speetrograms were measured with the den-
sitometer deseribed in Seetion §5.4.1. A & seloeted
wavelength, the value of density correspending to
cach step on the gruy seale was plotted against the
known speetral refieetanee of the panel (Figure 54,
und the reflectances of nearby terraing were read
direetly from this curve. This process was repeated
at many wavelengths throughout the speetram, and
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Frunux 80 Tvpwenl phot of ity of spectrogrn e
il gt of gy seabe al wincdlength 830 mathe.
erisne

the resulting speetrophotometsic curves + Jhe tere
rains were plotted. Figure 83 chows a typical cutve
ubtmined in this manner. Uther examplas will ix
el an Figurrs 1 ates 13 of OBR) Repust o
13544 Lhis report, Refleclance of Natural Terraine,
presents all the speetrophntonietne and aeetmendio.
metrie data ohtained by the Tiffany & andatioc, in
Flotisla 2! California; 8 copy of the report will be
found ir the microliim supplement to this volume.
The results of & rolorime'tic anaiysis of same of the
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n Tatle 1
An alternative prucedure, invming only iwo
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pancis of known reflectance, was also used i Fluiida
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t CAVELENGTH i ML MNCRONS
Fiavke &, Spectral reflectance of green field,

and in California for measuring the reflectance of
natural terrairs. (n theoretical grounds, only two
known panels are needed if the speetrogeograph is
calibrated independently.*® Techniques fur calibrat-

-

RTUT """\utex teTinine was =tudied wiin the
*pectwgeograph in quest of data which subscqLently
providea » basis for improved methods of aerial
photographic reconnaissance for ocean shoals. This
werk was undertaken at tne request of the Navy
following the landings at Tarawa. Shoal waters off
Dania, Florida, were specified by the Navy’s liaison
officer to this research. Buoys (Figures 56 and 57)

winher ¢, being launehed.
Ten such bucys were unchor i off the beach at Dunia,

Fiutur 88.  Floating huay,
Florvida,

| ing the instrument are discussed in detail in OBRD  were anchoreld at intervals along a line perpendicy-
i Report No, 6535,' and the data in all except Figures  lar to the beach in order to provide positive identifi-
1, 12, and %9 ¢f ORRD Repoart No. 6834 were ob-  eation of the water depths. Samples of the httom
tained in this manner. were collected for spectrophotometric study, Twn
Tastr L Colar of nitura) termsine, (10T il o, etamdan] olbwerver, sl coordinate system 1™

LD S e 5 T vmvenimsang T e = e e  — - . e e o e i
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beach, and thie spectrogeograph was flown over the
shoals. Figure 58 shows the resulting speetroradio-
metric eieves,'®

Because eolor-changes with depth are partinlly
Liasked by UgHt reficeted 1rom Uie suiiaee of e
sea, the experiment was repeated with the speetro-

) T T T T T

SAND, DFPYM &'
SANO, DEPYM 18’

RE_ATIVE ENEASRY

WAVELENO T 1 MILLIMICRONS

Frevee AR Sicctrordiometrie etrves of the light
renching the s eetrogeograph 4000 oot above the
shoal waters off Duni, Florida.

atograph mounted in a glass-bottomed boat {Figures
39 and 601, The resulting speetrormlivmetrie curves
are shown in Figure 61, The relation between water
depth amdd color, ar computed by stamband pioves
duees from the eurves of Figures 38 and 81, is shown
i" Fimlﬂ‘ 62. H(‘“‘ Q;N‘ O e eoidines meen Dot

Foutme 50, Clnasdwot tormed homt i which speetmgen.
smph was mounted

the air and fnan the glass.battonesd bt an sduwy
wn the stamuland 1O chrnuaticity dingram.

1t in clear foom Figuers 38 anst 81 L.nt greatest
vanations of refleetatee nith reseet to degth oeenr
n the speetenl region fron 340 L 570 millimierons,
The data aeni this contlustan were made ktown ta.
the Navy thangh the offiee of the Conedinatier of

Fuutee 60 Spectrogengeng b oasnaiad 0 glasa-bote
tamed baat,
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ol ]
!
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!
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i
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N Lo UL XY BT 2V
Venwe 61 Spwetronadimetsw crvse of e lght

maching the sprreicgragraph o the glascdtiomed
hovl {rom the deale off anis. Florals
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techniques for photoémphr:ng ucean shoals were im-
proved a3 a result of thir information,

't

Fruves 62 N wtand 1O chmumaticity  dingram
showing the lo - of the colurs of the neean shoals an
swen from the i - vl from the ghaahiottomed boat,

842 Texture

The speetral fictaner of u iurcat {(or n tree)
differs from that  « leaf partly beesuse of the dark
shaduw pockets i which sane of the light is trappml,
and partly beear ~ of the interrefloctione between
the leaven. Thia  illustrated in Figure 83, which
shows the spectral oflectnnce of & tree as measured
from aloft by the = cirogrograph, and the spectral
reflectanee of a b ! gy inensured by a spartropho.
tometer. Those cu- ~ differ hecanse of the textyre

of the tree.
Canunfours hay s feengniacd the pecossity
of simulating the .~ v f tal.ral texture. Nete

festouned with cobor o el 5 om0l o0 0
for this purpuec. & vilaely. . fta of dyred hbers.
chicken feathers, :* o chippi e, and inany other
“rough” materiale ' +++ b cployed. Rescareh
early in the war b the Pacgvr Defense Projeet
shuwed that the pri cipal w Lical properties of &
texturedd surfe=~ depe o very ittle upen the sige of
‘he texturing ekmen ' v eontrolled by the
sharpness of the angl » torn J Ly adjare:t strye-

OO 4

s - .
3y vesw semtesini

the surface,

TEXTURE-SIMiLATING PAINT

Paint having a microscopically jagged surface
(Seciion 1.3.3) was developed hv the Interchemical
Corporation under contract OEMasr—807, supervised
by Section 18.3 of NDRC. Notable success was
achieved in prepariug a paint which simulated the
texiure and gioss charactiristics of the wintertime
deciduous furest, but attempts t« nake a corre-
sponding »2int t v, . qreen « rest w- ¢ only

(14

¢ M T L

ot
'J;\\y —

SHRLLIO™ W SLseteny
Frwm 6. Rpeetrophotomelre o,

(0) ol o wmapde trow v ol Trvam skt 1 - the spevita.
Svararh. el 1hi Wi & netgdn val we stesaal @ Be Inbeirntvay
by o wvioupdetiansiey.

partially sucevssful. Moreuver, no Lhw, yellow, ne
geeen pagments were foumd which hav the proper
optical and chemical propertice and wo Quate per-
manence in sualight. Berause this develn wwent came
a7 i vewd fue defensive comaufinge cas dimin-
IO S LI | YR, St slimulntine
Ppe b - antertupled aln. W Mertan e setiom
of then, ie known to have bnon toade.

1.60

Glom
Artittcial texture seddon amtebcs ite e 1a) o -
ountines itnn all pwint of view: epeon - ged a2
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214 VISI8!LIT: FROM AIRCHAFT

when viewed up-sun. This is cawsed i+ 5 difference
in gloss ur goniorefle:tance hetween the cainonflage
and the natural terrain

Research on the gloss cliaraeteristies of naturally
and audficially teawured surfaces was conducted by
the Passive Defense Projeet before World War IT.
These studies showed the eharacteristie differences
illustrated by the curves in Figure 64 to be responsi-
ble for the visibility of flat surfaces couted with con-
ventiona: matte paint when viewed up-sun.

iy 10PHOTOMETRY

The instrument used by the Passive Defonse
Project 1 ot gloss studics was the photoclectric
goniophotometer n the Illuminating Engincenng
Luboratories of the Massachusetts Institute of Tech-

Froowg 8. Gopophotometne eqpves (fux ve angle)
etrating e chamceristie diffreenes belweon a
matte sirfaced paint snd ¢ texiured surfnee,

midugy. ' In this instrument, & sample approximately
3 inches in dimncter s Huminated at any seloeted
angle of sackdeare by substantially colliimated light.
A vhotacleetric coll, carrivl by a movable snn
vivetrd absul the conter of the sample, messures
e ight reflected in various directions, A polar plit
of the Flhotorell readings produce< 1 gustiophoto-
tietrie eurve of the type shawn in Fignre 84, Re.
sarth was handicapped by the slowness of the
tartunanl; several hours were 1oquited e vlilein
ol phot the data for each curve

Aulomatic Recording (iomophelometer. An avtn.
matic reconling goniophotametor aas dosined and
partially constrocted by the Prmive Delense Py
eel. The instiument was subsequent iy cmgrbeted
by the clectnners stalf of the Researrl. Laboratories
wl the Interchemicnl Curporation under contract
OREMar-097, and turned wver to the Materiale Lah.
cratory of the agineer Roart, Corpe of Fagincers,

In degure 3, Chapter 1, a corplete curve ean be
drawn in less than five minates. The main feame of
this instrument was cast from patierns losaed by the
Muassachusetts Institute of Technology and is thuas
identical with the frame of tieir goniophotometer.
The phkitometric syetem ix erseniially identical with
that of the densitometers deseribed in Seetions 1.3.5
and 5.4.1 of this volume, Details of the electrical and
optical system will be found ia OSRD Report No.
6556, a copy of which appea: - in the mierofilm
supplement. It may be noted, however, that the
souree spread was mude ¥4 degree in order to simm-
late the geometry of sunlight. The sensitivity of the
instrument depends upon the recever spread. When
this ix made as great as is recommetnded by the
Ameriean Society for Testing Materials, tiwe instru-
wient s 8o aensitive that o reflestanee of 0.001 rela-
tive to a pericet mirrer can be made full-eale on
the recording paper. The instrument o1ii then bal-
ance to within less than 1 per cent. This high <ens,-
tivity in required in order to measure the ganiore-
ficetance of dark, texiured surfaces. Some typiral
curves made by the reording goniophutometor are
showi in Figures 65 and 68.

GONIOPHUTOMETRY ¥aOM THR AIB

Pruvisinn har been made for adapting the speetrn.
geograph to guniv-spectrupbutometric measurements
ol terrestrinl targets by means f the wmirror system
shuwn in Figure 48. The target wust he a »nif - »
arca of cousiderable extent (1. o Y y-mile suare)
in urder to gllow fur unecrtaintivs in the attitie of
thee mirplane st the instant of cxposure.

The hest flight plan {or such an eaperitient is be-
heved to consist of a pattern of foue conrecs, 90
degrees apart, forming & wquare contered on the
tatget and wn oriented that two sides of the square
are croes-suh; the remaining cunrees being up-sun
ane] down.eun teapectively. A series of square courses
ol various sises and altitudes cnable goniophoto-
wetne curves in the plane of inckl we and peijwa-
dicular to it to be determined. ‘Lhe squam courses
should be corrected continuously for the apparent
ungian of the s Tum s stcomplishicd o easily
1 the aitersft s eouipped with photaelectric solar
navigation equipment. Otherwise, the curreetion can
be accvmplished by rapefells mstrrted ermpnges
ba=~r: A techmique for navigution by ecnmpass
during such cxperiments was worked out by the
Army dunne the flighta at Oriandn, Florda, and it
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Frovas 88 Thpool runs doawa b the woon ' o

o Bengdenoryctry

18! how . ghver proat. et atgle Db dewrare, tay P 10 e Al Sy weh des 1o Ceeletbae gt invebet smgie 3P geven. e
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is discuserd in detail in ORRD Report No. 85347}
Adverse wcather condithos and technirs] difieultice
frustrated both of the twe attcmpts by the Tiffany
Foumintin to conduct an aerial grsnioplut.meteie
experiment.

Camwwiflagr. to be effective foom al! poiis uf
view, mus; mnteh its surmundings @ siophotomet -

rieslly. Afler 2 suffiennt iraly ol data roconiig
the rowphatometric properises of r.c ol and adti-
fiei..] terrains have been rullerind with the spectne.
grograph. the ghwe charartoviag . 1o L wf
salisfart . ennomlagr matetiale can be specifiel
1w trms of the rendings of a lnboratory goniopao-
tisaeter,
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s CAMOUFLAGE ENGINEERING

The ultimate goal of the spectrogeograph progesm
as originally coneeived was the establishment of
‘ngineering procedure eapalide of  pradicting e
atlowsble differences in retleetanes hetween s cam-
ouflaged onjeet and dix surrounding:. There is shinost
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Frovnk 68, Fypieal enrves dinwn by arecording gomophotometer.,
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no limit to the perfection with wineis it e possmble
to mateh nutural terrnin with artificial construetion.
However, the cost involved and the labor required
inerease o shorply us perfo ton o approached shat,
ot eesrity, camouflage measnes far short of per-
fection must be adopted. Indeed, the cconomie fac-
tors are so erideal that o slight relaxetion in the
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theusands of dellars in the cost of a camouflage
treatment. iowever, such a relaxation of require-
ments based upon guesswork may prove costly, for
obviously cemouflage is valueless unless it fulfills
its purpose. The spectrogeograpi program was un-
dertaken in the hope of providing an engineering
basis for camouflage design which would avoid
costly empirical mistakes, while taking full advan-
tage of the permissible tolerances afforded by the
veiling blanket of atmospherie hage and the distance
of the enemy. It is heped and believed that the con-
cepts, data, and nowmographic charts contained in
thie valume flfill the hasis reqnirements and make
camouflege engincering a reality.

2.5, ) A Typical Problem

As an example of o typical cuavuflage enginee:
ing problem, concide, the requirements to be met by
the camouflage for a building haviog a flat, recisngu-
lar roof 100x400 feet, situated among dense decidu-
ous trees, with the long dimension of the roof in the
east-to-west direction. Let it be assumed that, ac-
cording to military advice, attack iz most likely to
occur during midmorning hours in clear weather by
bombers flying from the cast at an altitude of 25,000
feet, Let it be assumed further that the camouflage
wili have served its purpose if the target is invisible,
despite identifying landmarke, until the plane is =0
nearly over the targel that bube cunuot be divgped
on it.

The minimum distance from which a successful
Lambing run can be wade depensds un the character-
istios of the bombsiglt, the ground speed of the
plane, and its altitude. For the purpuses of this
example, let it be assumed that, for a successful
attack, the target must he visible to the bombardier
when he look- along a sight path corresponding to
@ = 40 degrees, a¢ shown in Figure 67. 1f, at this
eritical :oin’. the target is only liminally virible,
the camoufluge will have fulfilled ite purpose and
fell advantage will have been taken of the availuble
toleranc-:.

ParLIMINARY CALCULATIONS

Befure the nomogeaphic visibility charts can he
used, the following preliminary ealeulationn ave re-
\uired:

Slant-Range. At the eritical poiut the slant-range
R must be calculated. The value is expressed as

ENGINEERING 217

= ~mi0° = UMW IECL == 13, yATus,
This value can also be obtained from the optical
slant-range diagram (Figure 2) by noting the inter-
seetion of the solid curve for 6 = 40 degrees with
the dashed eurve for altitude 25,000 feet.

Optical Slant-R. - 7° the optical s*andard at-
mosphere is gssumed, we optical slant-range & is
shown by Figure 2 to be 7,690 yards; if nonstandard
atmospherie conditions are expected to rrevail, a
corrected value of B can be found by the procedures
deseribed in Section 5.2.1.

<

25000 FEET

TanGEY

LARGEY /e a0®
Fravne 67. Bomber at the critical point v 8 ap-
proach to the target under conditions wssumcad in
Nection 58.1.

Projected Target Area. The projected area of the
target is:

A = 100 X 400 X =in 40° = 25,700 square fee!,

Effective Projected Target Area. T' e appropriate
value of effective projected target area A can now
he found with the aid of the nomographic chart
shown in Figure 31, or by substitution in equation
m,

i- (l-i“l
TTN12970

MrrronoLocicaL Data

]
) (25 700) = 9,060 =yuare feet,

In addition to K and 4. viInes of the sny ground
ratio and of the metearologival range must bhe had
Lafare ¢he nomographice visibility charts can be used.

The Sky-Ground Ratio. 11 the reflectance ¥ of tiie
terrain surrounding the target is known from meas-
ureraents made with the spectrogeograpis or by some
equivalent method, the brightness o1 whe g rung esn
ke found oy muliiplying ¥ by the il'umiration on
# hovisuntal plane at ground level. A variety of
visual and photoelectric i'umination meters (il-
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218 VISIBILITY FROM AIKRAFT

struments are also capable o1 measuring the bright-
ness of the horizon sky in the direciions m ard n
shown in Figure 17, Chapter 2. The sky-ground
ratic ear. then be found by dividing the brightness
of the sky by the brightnes: of the ground.

For the purposes of the present example, let it be
assumed that the required mensuremente hiave been
made and that a sky-ground ratio of 4.0 has been
found for the conditions under which concealment
ig desired. o

The Metcorological Range. A photoelectric frans-
missometer for measuring the meteorologieal range
has been devised by the U. 8, Burceau of Standards 23
and it is understood that a number of these instru-
ments are in use throughout the country. A variety
of other instruments for measuring v have been
deseribed in the literature.'* When instrumertation
is not available, the visicility (Section 2.2.5) can
be estimated oy eye in the marner customarily em-
ployed by meteorologists. Such visibility estimuates
are usually included in aircraft weather reports. As
pointed out in Section 225, the wmeteorological
range should be taken as 4/3 times the visibility,

Usk oF THE VistBiLITY CHARTS

Selection of the Proper (*hart. The selection of the
proper visibility chart for use in a given problem
is governed by the level of brightness to which the
cyes of the ubserver are adapted and by the shape
of the target. In the present example, full daylight
brightnesses are involved. Since the sky-ground
ratio is 4, the ground is onc-quarter as bright as the
sky in the directions m and n (Figure 17, Chapter
2). However, as scen from above, the apparent
brightness of the landscape is increased by space
light, so that u nomographic visibility chart for full
daylight (B, 2 1,000 foot-lamberta} should be used.

Since the roof of the target is a rectangle 400x
100 feet, its side-to-side ratio in 4:1 when viewed

criivacly downward. Beesuse of the foreshortening
due to the oblique angle of view (6 == 40 degrees)
from the criticul puiit, tite effective side-to-side
ratio of the target is reduced to 2.5:1. As oxplained
in Section 4.5.1, the best answer will be intermeuiute
between the values given by Figures 6 and 18. Sinee,
however, thee: valuea differ only by the order of 5
per cont, the shape of the target is unimportant in
comparison with other factors and cither chart msy
be used. Since no target is more visibly than a circu-

tor errcutlar tuigets (Figurs €5 . proicracic, Mow
ever, no generslizotion shiould be drawn from the
foregoing exataple c¢oncerning the importance of
terget shape ity effeet should he eonsidered in cor-
nection with every problern For example, had the
long dimension of the building been in the north-
to-south direction, the shape of the target would
produce a four times grealer cifect than in the case
considered above,

Procedure. The effective projectva area A of the
target and the optical slani-rang> B et whiek it
mu=t be liminally visible detertine a pomt on the
notwgraphic visibility ‘hart. This target point is
indicated by the letter 1 on iigure 68. Place a
straightedge across the chart in such 8 manner as to
connect the appropriate value on the meteorological
range scale with T. The position of the straightedge
ix shown by the dashed line on Figure 68, for the
case of a meteorological range of 10 miles. Piace the
point of a pencil at the intersection of the dashed
line aud the right-hand verticul boundary of the
chart. Rotate the straighiedge about this point untii
it passes through the appropriate value on the sky-
ground ruiio ceale. This position of the straightedge
is indicated by the dotted line in Figurc 68, for the
case of a sky-ground ratio of 4. Read the value of
liminal contrast Co from the contrast scale at the
middle of the diagram. Iu this care, (/o = 0.079.

THe Ro.r or AT™MosPHERIC HAE

The vehue of contrast, which will make the target
limunally visible from the critical point. depends
upon the value of meteorological range. This rela-

Tank 3
Meteorological -
rmnge Liminal
{miles) contmst
o 0014
80 0.020
20 0038
10 0079
] 0122
[ 023
4 il
2 410

ti n is illustrated by Table 2. It wii be noted that
wien the air ir caccptionally clear (v-»2) the
target in vinible unless ita contrast in less than 0.014.
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Fiovze €9, Nomogriphic chart repreacnting oquation (1) Chapter 3.

Whea sqnivaiont achromstic contrst (€y) And hugghtlnes cuatre (Cg) are known, eal cuntiasl (€p) w0, Lo foum! by ting chart
we stvor e, i loft-band key diagrams, Whes g and Co are ko v €4 v e fuiind by using chatt ss shown in right-hand ey disgram.
When brigh trust and color ure knawn, squivelent acimanstic conteast cun he {oumd by using churt in either manuer,

v e e

Such a low vaiue of contrast can be atteined only In other words, in the cusc of o large » *arget the
with great dificulty, and the maintenance of such ca~fleur must depend upon hase (o coneeal the
¥ perfect camoullage is slmost impossible because of target.

fading and/or change in thc natural background. Tone-Doun. When the meteorological range is less
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quired to make the target visible from the eritieal
point. A vhite roof, which muy i several tinies as
bright as the surrounding terrain, will he plainly
visible, but 4 roof that is darker than its surround-
ings will not he seer by the ercmy no matter how
black it may he. Therefure, an application of black
paint, tar, or other blak materinl to the roof will
provide camouflage during linzy weathes. "This cam-
ouflage measure is known as tone-doun.

Color Contrasts. Although color contrasts have
little effect on the visibility of naval targets (Sec-
tion 4.9.3), they are cften not negligible in the case
of ohieste oo the mronnd b the hadahinaes i
ferences may be small,

If the neutral point, reprerented by the cross in
Figure 39, Chapter 3. is plutted on Figure 41, Chap-
ter 3, it will be seer that an cquivalent achromatic
contrast of 0.12 ix jruduced by the color contrast of
a black roof i ;reen surroundings. Table 2 indicutes
that this contrast will render the target visible from
the critieal point whenever the metearologieal range
v exceeds 8 miles. This value of ¢ hax been exnlled
the tone-down limit,

Whenever the metcorological range exceeds the
tone-down limit for the target, colored camouflage
must be used to achieve concenlment,

a8 Camouflage Design

After tables eimilar to Table 2 have been pre.
pared for various values of aky-ground ratio, the
type of camouflage to be used can b clivsen on the
basis of a compromise involving coat, frequency of
ncourrence of the various types of woather, and the
military or ecanomic value of the target. If the tone-
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may be inade between brightness contrast and volor
contrast. Thiv choiee will he governed by the rost,
the availability, and the permanence of the camoen-
flage materials rather than Ly any optieal prin-
ciples,

To aid the camoufleur in computiv g resultsnt
achromatic contrast from the brightness contrast
und the cquivalent achromatie contrast, 8 conven-
jent nomographic representation of equetion 1),
Chapter 3, is presented in Figure 69.

After the reficetances of eamouflaged objects ax
measured from the air with the spectrogeograph
hawve been correlated with nestronhotomatrin ond
goniophotometrie properties of the camouflage mate-
rials nx measured in the luboratory, suitable mnte-
rinls can be selected, Speeial flights with the spee-
trogeograph are required only when the natural
terrain surrounding the target has not previously
been eatalogued. However, the speetrogeograph may
be used whenever the importance of a target war-
rants 4 fiual cheek on the performanee of the com-
pleted camoutlage installation or when the visihility
of an ubjeet on the ground ie to be studied.

3e PEACETIME APPLICATIONS

The furegoing discussion of the vinibility of ob-
jeets on the ground has been written from the point
of view of the camoufleur. However, the methods
and data presented in this volume make powsible the
prediction of the visibility of landmarks, landing
ficlds, and hasarde t. aerial navigation. It is ex-
pected that the principles diecussed herein will find
valushle peacetime applications in military, naval,
¢ mmereinl, and private aviation.
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Chapter 6
CAMOUFLAGE OF SEA-SEARCH AIRCRAFT

6.1 INTRODUCTION

THEN THE MENACE of German submatines te

Allicd Atlantic shipping constituted one of the
major problems of World War I, the Canouflage
Section of NDRC waa requested by the Director of
Teehnical Services of the Army Air Forces to devise
a methoed of camouflage which would enable a radar-
m.‘-i:\:\:\.lA won soneeb nleawaden s .._:-:---\27\-_ L
faced submarine within 30_zeconds of flying time,
hefore the aireraft became visible to members of the
U-boat crew. Such an approach would ondinarily
emable the airerrft o release its depth charges
before  the submatiae econ'd  exeente a  erash
dive.

The Director of Technical Services was informed
that vven a white airplane will ordinerily he scen
ax a dark silnouette agains. a sky background, and
that, altkough the plane might ho rendered invisible
hy finodlighting, the amount of power required would
be prohibitive. It wan indicated, however, that if the
plane could aiways approach the submarine in such
nomanner s to present the same head-on aspest,
concealment might be possible by placing lights
along the jeading edge of the wings and in the
fuseluge seetion. It is known from data on the visual
aenity of the human eye that, at a distanee of two
wile . individual lights are indistinguishinble as such,
if their spacing is less than about four feet, 11, hy
weanx of suitable refleetors, the light from each
lump i confined to s parrow beam visible onty frons
the deek of the submarine, the nuwt cconomical use
uf power is achieved. The Ditector stated that the
plane could be fAlown on any required tactical courne
anl, ne A hasie for ealeulation, it could be assumed
1o hold & cousse toward the subarine with o devia-
tion uf less than 3 degrees. It was caleulated, on thie
basis, that cven a bomber e large as a Liberator
(Figure 1) conld be mnde to wmateh ondinary sky
hackprounds with 4 power comsumption of lesa than
500 watls,

*In rlussitiodd corrempunidenee, this project waie neferred ta
by thr code nume Fehudi. Lor the benefit of those nn-
faiuiline with this neologism, Yehudi symbolizes i contom-
porary slang “the little mun who waan't there”

o3 FPRELIMINARY EXPERIMENT

Pursuant to instructions issoca by the Chief of
Section 16.3 of NDRC, the stafl of the Tiffany
Fo.andation started work on an experimenrial test!*
of a new camouflage principle by which a black
silhonette ean Le rendered invisible to an observer
through the use of lampe adjusted to the proper
imbanaiter amd e b d tamard tho chonnees Bonahin
experiment,” & black-painted buard 2 inches wide by
32 inch s long was provided at 4-inch intervals with
lanp: and reflector units taken from hand flashlight
axsemiblies, as shown in Figure 2 Fach univ was
composed of a prefocused bulb operated at 2.4 volts
and 0.5 amp.res with a poarabolie refi~ctor giving
beam-spread of about 2 degrees. The plain glass lens
of each reflector unit wes opaqued nver the greater
part of its area tu reduce its candle power. This left
a horiguatal strip ¥4 inch wide by 1% inches long,
which was covered with a paint film composed of a
transparent blue pigment dispersed in linseed cil.
This Rlm converted the spectral energy distribution
of the tungsten lampe to approxiniately that of day-
light. A rheastat was used to adjust the intensity of
the lampe to 8 brightness-mateh with the sky back-
ground.

*2'  Demonstration of the Principle

A denonstration of the Yehui principle was ar-
rmaged for Serviee representatives, The ansdel was
fixed horisontally bhetween two vertical supports,
which were mounted on the poof of the studio build-
ing 80 fect above the ground, and was so adjusted
that the beama of the Tnnpe converged at a point
I feet distant. The viewing range lay in a north.
south dircetion with the observation poi=t at the
satithern end.

[is thin dewnnstration, held on a clear day betwoen
16,30 o™ wned 12:30 - Bastorn wia tioe W
model wes boldiy sithouetted against the nurthern
sky. When the lampe were switched on, the model

“Nections 82 throgh 848 ane reprodiced o0 OSRD
Ronart Moo 20048, Camouflone of SoasSoacck Aireraft (The
Yehud: Project),'® by the Lovis Comfort Tifany Foumla-
ten, Cheter oy, New Tork June 1, 1044, wider Content
Nuo OEMar-307.
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225 CAMJOUFTAGE OF SEA-SEARCH AIRCRANT

Tistnk 1 Artist's conception of a Liberator (1-24) camonflaged fur sea-search in arconbiee with the Yelaeli
principle

Tn thie application, lights ¢ ¢ the seaiel-boam type wre shown mwsunted in the leading olges of the wings, in Lrackets loncsth the
wis, aml i bravkets anuimsl the fuwdngs

The tewin dewsribad bn this rojeut shue that, when tteatal with thie casiillag v mravire, & Fabemtor tH-H) ean be rrindernd s mibde,
eren wler perfert weather el s a0 ranges us short ae 30 senade ol Bying time,

Fravar 2. Detmle of experiment designed to demon uate the Yobads prinviph
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beeamic invisible, even though the vertieal supports
served to fix its jocation. Light clouds appesred in
the sky during the period of the desmonstration, and
appropriate adjurtments were mzde in the lamp
current to maintain a brightness-mateh. The offret
uf operating the lamps above and below the hesy
value for the existing sky brightness was nlsa dem.
onstrated. It was noted that envugh reserve power
war svailable to matel the brightmss oi a white
card exposed in full sunlight behind the madel. Ax
o result of this demonstrativg, a decision was made
to conrituct w fullesenke sithouctte of a Liberator
1B-24), to suspend it from steel towers to be creeted
an the estate, and to nheerve the effectivences of the
Yehudi principle from an obeeeving <tation two
nautical miles distant.

o FULL-SCAI = SILHOUETTE OF
LIBERATOR

The choice of a site for testing the full-seale
muode] was dictated, primarily. by the folluwing con-

siderutiones: (1) the neeessity of seeuring the large.
seale experiment against unauthoriged obeervation,
12} the desirainhity of mnaking observations over
water, and 13) the requireient that the nusde! be
clevated us high as possibls A study of the teerain
in the Oyster Bay region revealed that » ridge 180
{eet high « 7 the Tiffany property wouht provide ade-
auate height and thae che anded should be visible
frum the shore of Ovster Bay Jnum 1 point approxi-
mately 13,000 feet distant. Such a rangs would be
about 88 per cent uver water, with the castern sky
ne backgraimt The viewwg station set-s1ed was
a semeircular parking arca o the shore toad
a few fret aluve the water at high tide 1¥ig.
we 3,

The vadge on which the ton ors wore to Le erected
was acceasible by a Jit rond bul was leavily
waded. To provide an unshetrystad yview of the
siiliuets, fom the viewing stntion, it was necessary
to eloar several aetee of trees and underbnmh, Com-
mubication between the hilltop station an the dh.re
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228 CAMOUFLAGE OF SEA-SEARCH AIRCRAFT

telephone e,

-2t The Sithouette

On'. the head-un aspeet of a Liberator was in-
vulved in this experiment, and the first step was to
repraduce the corresponding sithouctts, Manufae-
turer's drawings weie not readily available for this
purpose, but the necessary data were ubtained from

L om0t Y

i
i . |
[——————— e N e ;::’—'-'”"'—1
! T

Frovme 4. Sifbanictin of Lihesator in hewd-on uspees

a photograph of & wind-tunnel nusiel supplicd by
Wright Fiek! \dditional details were obtsined fron,
an actual photogeaph of a Libeestor taken on the
ground. The sithouette drawing waesi s seperoduced
in Figure 4.

A model was constructed of plywood apd reir-
foreed to provide sufficient rigidity.

Two steel towers, 100 fect high, were creeted 200
feet spart and the edel war cunnorted onon
Va-inch steei cable between them, This cable was at-
tached to winches at the base of cach tower; and
the mode] wae raised from its resting place in evadles
on the ground to an cwevation of #5 feet above the
ground by simultancous operation of the two
winches. Guy wires were rigged to steady the model
in the elevated position. The upper lalf of the steel
towers was painted white to reduce the contrast
winen seen wgainst the sky. When in the elevated
pozition, the model was 235 foet sbove sea level. A
view gf the sdavated aithanctts v shoven in Vieyes 3

“and the ngging favout in Figure 6. 10 b of interest

that, on the oecasion of i arst clevation, the ap-
proach of a four-motared bomber was reported by
the lucal volunteer airplane spotter< xeveral miles
away.
*+2 - Arrangement and Control of Lighes

It had been caleulated previousty that 300 watts
af power would suffice for this experinent. Spucial

Froam 8 Clawcap view of sepen bl mlhouetie,
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Frovue 6. Rigaing bavout for the suspension of the fullc anle mb ),

lamps were supplied by the General Fleetrie Come-
pany, Cleveland, Ohio. These lamps were of the
seatferd=henm type, 4 inches in dianeter, with o single.
coil filmnent operatin g at 8.3 volts and 1.7 aimgeeces,
They had n beame-end of 3 degries in the hori-
sunai plane and @ degrees in the vertieal plane. The
Lunps were wired two in series, with pairs in paral-
lel, and wore operated from te 18<volt sceondury
of a teanzformer supplicd fran a portable 110-volt
e generator of 300 watts enpucity, The intensity
of the lunpw was adjustest by means of o Variae in
the primary cireait of te transformer, o voltawter

Foaomm ¥

nerass the secondary eirenit being nsed for refoeenee,
The elear gliss fnee of caeh lamp was conted with
a transparent paint containing irot-blue tred shasie)
1o curreet the tight to dayiight quality.

The lutups were nonnted in addjistable woden
feomes which were elumped ta tracks wonnted on
the faee of the sifhouette as shown in Figuee 7.
Thoar tracks peritted vusy sdju st of Lanp
(umitions,

The methd v which the proper sparving of the
Inmpes ents b ealeulated i diwenssd in Seetvn 6.8,
The nerangenent shown in Figire 8 s om of averal

famp detsile sml s bl of nuvwni g
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3-8 dztlee ciaett  evet lerincied
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Fuvne 8. Dimension drawing showing the loention of th lamps.

usedd during these experinents. Although determinesd
soppewhe U empirically, s 8 close apuroxomation
to the thearetical spacing.

st EXPERIM .NTS WITH THE FULL-SCALE
MODEL

Beeause of the narrow benns of the bangs, the
hanp aligninent was correspondingly critical. With
the mudel in the elevated position, wnly avers!l wd.
justinents could be made and thees were by uae of

the guy ropes. The necewary nstructions were pe-

Inyed by telepbone frun the sheereers’ station,
When the best uverall setting had beon ublained, a
12-power telwcope wae used to inspeet the align.
went uf imdividual lamys. The o) was then
bowernd amst the individual lunp nvunts were ad.
psted by means of the thumb serows shown n
Figure 7. The voltage acrvws he lamps was then
reguiated un the basis of infirmation irom the oh.
scrvers station until the minhmue: visitulity war
obtained. This vaultage was fouad o e cspocially
rritical.

Tie expuetiinents necomary fid the detemunation
of the proper spacing of the lamgs and the necessary
range of inteasily aod culor were petfornd during
the wtes of I3, During the greater portion of
this period. the visibility wan lewe than 2 mikes; snd
rirar weather was weually attended by winds of
high velority. Since the silhourttc was lorsted on
tie top of a ridge and presented approximately 300
mjuare feet of surface arva, rven winde of muderate
velarity made clevation of the anelel n procarions
undertaking.

The most succeesflul dhunmstration was made 0
the jirvermie of (it nualificd shecrvere, The viabile

ity was so high on this cecasion that the l-ineh
cables supporting the towers could be discerned
without difficuity from the observing statior. Never-
theless, all olmervers ageeed that the sithouetre was
eompletely invisible when the lapye ooe
to the proper inteesity,

Mention should be nuie of ke esatatvnze rendensd
by the Poliee Departinent of Ovster Bav in sompes-
tan with il expentincuts aml deposstraiies
Pates cars, furnishivd whenover rogquested, pres «ated
automohiles fraw slowing doan or lepjping mear
the obeeryation station. Beeauss of the narrow hori-
sontal beam-sprend of thie lamps (3 degrers ), the
siemnate appearsiee amt disappearanee of the sil.
houetts during demonstrations codd be withessed
only from puints along the shore ruan within &
feet of the dation. The viwervation statue i b
puetesd i Figure 9.

etirieTgent
Arfyni-lisy

ot

APPLICATION TU OTHER TYPES
OF PLANES

While the work on the fullisrale uuni! wae
progrres. & teved anhwe (i portable cquipmarnt st
able of dewonsdrations of the Vohwli pwrineiple at
wyeral confereners i Washington, Thie kted was
finaliy met by an ol painting on ' 5 dustantal,
a phol:graph of which 1 shoen m Figure 10. The
black milbouette of a Jaberator (RN was 333
taehies b in e painiing. detee, viog siewed
1w & distanes of 30 {evt, the sithuetie subletdc.:
the satme angle a5 & Liberator at twn setute wike

Hemall hobs were deilied thomsgh the sainting at
ot corvesponding to the positions of the lighte
that had bren calculated iy the Liberator. A strip
of onionskin paper was attached to the bark of the
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Froke 8 (Haeoraine ricinm o ie viewing m ge duning carmunsimisin ol the fullecale Zdeked
The slbanatl 1 vedide abonr 1hn colge, olaghtly te the Wpd od il wesd ledaml lowmt. Tis tebmdome vedaniiiab wuh the Rdltug

tencadiie o 1A Rert wa the pede

panting, B covy the hodes, as shioun in Fipas 10
With a deak imisp plnerd beloiul the painting. tw
light issuing fnam the hales chady simulated tw
appesrance of the lamgis of the full-seale 'msicl. The
intenaity of the light eening frnm the buler was ad
Parteel to the required fevel Ly varvig the distanes
of the desk lnays from the hack of the painting.
Vnke ool clifforvoees 8 onhd wore prvsent,
the blark silhonctic coubl be mmte ta disapguar
ety whon the pminting wae viewnd fran the
scale distancr in the mannet depictind i Figguee IR
An sttemnt 10 illustrute this densinstration hy -
tographic means is s'wwn in Fyires 12 and 13
Twese llustrations - v reprdueesd (rom wnes-
touched pegatives masic with an onlinary view ram-
ern. & stnall stop i front of the leas bring aseed to
recuce its remolving power tn rorrespunbnee with
that uf the human rye. Figure 12 is & photogtarh

Lou .. .
F AR ‘ - ARy

\

Forax 17 il peantion of Jtwesior {(B-34) nars i
drinomstrats . Vehad: pemeyde
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Frocke 11 G0 Desk amp positionsd: beland the painting £: nwanate the holes o the sthonette, (hy Obeoeve
viewing the painting at o distanee of 30 feet Geade dis tanee o 2 nnlesy,

Favar 120 Photograph takie with Jene having res
solving power of hunen eyve,

Whetr Vi)l ot L Bt Hos plotogs gl obows ahe

appeotitve b o Jabet s ar 3 ateie sl

mnde under these conditions before the desk lamp
wis turned one Figuee 13 % a photograph wade un-
der identical conditions after the deek lamp bad
been turned on, When these photogeaphs are viewed
from the norial reading distanee 130 inches), they

Foure 12 Photogegh ko ander the sane comb
e as Fugure 12 wath Yehudi cammonfagr applos

Nuote et althoogh the artangrment of hghls 3 i prefant,

the 1 dayatie e “ T mell an Che ML §

Aistames of $iby §ast

represent the appwaranes of o Libwerator oniy K80
feet nway,

1o s ambquentdy fomed that the tnuann ereated
v almost ax realistic when a souple deawing s sib-
stituted for the colored wil painting. In fact, the
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TACTICAL AND TRCUHNICAL ASPECTS 231

nanette pasted ob o Janiee picee of white eardboard.
This simplified teehnique has been uzed on several
vreasions to test the effeet of modiiving the lamp
positions. Fo = ezample, before an actual stalla-
tion was made on a Liberator at Wright Field. ir
vas proposed that the lamps be mounted on brack-
et beneath the wings instead of in the leadins edge
of the wings, When o drawing of this arrangement
ha'! been made, it was seen at once that although
the tnderwing brackets wourtld he satisfaetory where
the wing is thin, they would not properly eamouflage
the thicker portions of the wing struetire. A new
drawing, in which ontv the Ianms nese the wine tns
were mounted on underwing brackets, shuwed tha
such nn installation should be satisfactory.

This technique is appiicable to any tye i plane
and climinatez the necessity for construsting &
miostel, Beeause atioespherie haze is absent, o design
that performs satisinctorily at reduced seale cun be
expected to perforn even wore satisfactoriy at full
seale. Although this teehnigue may be wsed for em-
pirical determinations of lamp ditribution, mare
direet methodr wiil e diseussed in Seetion 6.6,

¢ TACTICAL AND TECHNICAL ASPECTS

The foregoing sections uf this report are coneerned
with ene speeifie tactiead ue of the Yehudi principle,
The technical information that follows is =upplied,
Howeser, bevaese uiomdier possiiie wearal uses,
An pttemipt hae heen e teoarrnnge the cubs
jeet matter ol this seetien i the sogience that is
normatly empliyed mocompleting o camoutiage de-
sipn based on the Yehudi prineiple,

**'  Theoretical Power Requiremients

Assumnie a black asireralt to e viewed against a
sky background of brightness B teandles per squnre
fuatt, 11 the prea of the sthionette tin ~uane fret)
w A, the cquivalent intensty of the part of the sky
uberired by the ailhcuette s B4 ceandiest. Thae, if
the sky has a brgntpess of 300 cand'vs per square
fout £ 3008 fonto ambnerta), and e area of the «il-
honette 3 XX square feel, the intensit o of the pors
tion o the «ky obseured by the atrerafl 15 500 3
W0 . PG00 camdic-. Apart fram the fact that a
sngle souree bves nal provide the proper distribu-
ton of intensity, a searchiight with » eam eandie
power of 0000 aonhi il the regeir-ments. If

shondd have a heam eandle power of 5,000 eandles.

If the solid angle of the cone of light from each
lamp s represented by S, the amount of flux assc-
clated with a total beam candlepower B4 s BAS
tumens), assuming the intensity w be uniform
within the beam. Thus, if the total be-a eandle-
power vegpired is 100,000, and the ~olid angle is Q.02
steradians, the number of hunens required is 100,000
X 9.02 = 2,000 lumens The lumnoas oficiency of
tungsten lamps of the sealed-beam type is of the
order of 20 lumens per watt ut their normal operat-
ing temperature, Chis iueany that 2000 lumens can
b -ngmliml with o power ovnenditure of 2 /4 —-
100 watts,

Generalizing, the wnount of power that is thco-
retieally rooutred by a Yebudi installation is given
by the fullowing equation:

_BAN
LT
where Pix the sower requirement in watts,
B 15 the brighiness of the shy i candles per
sqgunre foot,
A is the arew of the silhouetie in squaye feet,
Nas the falid angle an steradinags,
L ix the etheieney of the anpe in lameus per
watl, and
Tiv the “tarsmission {fnetor of the eolor-
verrecting filters,

1)

The solbl angie of o eireninr cone 1~ reinted 1o the
Ball plane angae by the cquation s 200t v &9
Thus, for a etrevinr cone wiose plane amele s
10 degree o the sobid aogle i<

N2 e Golegrvest - U239 ~teradinng.,

The shape of the lament commonly empluyed
bunps uf the seabed-bean ivine s such thet the eone
uf hight i< nearly rectangular i cross seetion, The
witidd ungle of such a bepm can be computed wath
“uffictent securney an evris of the produet of the
e plane amghes in radhian wwuswe; thus, w ree.
tnngular cone subitending R degrees in the vertied
P I depras i the heizental plane penee.

s anpd angle w1 10 373 R O73 - 00244
steradiane,

(XS}

2racticul Pow-r Requirements

1t was tanitly assaised w the forvgoing that lamps
ean by obtincl winse intensity s uniform within
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o v

attainment, but lawmp wanufacwrers are usually
willing to supply data irom which the applicability
of their poduets for this purpose ean be deterpiined.
Ordina. .lv, the entalemne deseription of scaled-beam
iamps indreates the rated power input and the cor
responding candlepower in the center of the beam.

PTYR T T ST PR TYVYR LT AL T LA b

TRANSMITTANCE {?ER CENT)

T

WAVELENGTH (MILLIMICRONS)

Fiovax W
rot thicktssses of traneporent, rori-hlee, baegaes Bitis
apphied to glass fltoes

Spas byl teansiatiag er curves of 8 differ.

Infurmntion concerning the solid angh of e e
and the erterion ussd in speeifyimg the solul gl
is frequently lnexing. Un guiry however, manu-
fae i~ ate tsunbiy willing te state the angular
dintribmition of intensity; amd it is common practics
to define the spread of the beam in teris of the
Lorigontal and vertieal angles at which the s
Ay beeoes sonie stated Jraetion of the intenany
m the eenter of the bean,

Frohasis hus Leen plaest on the serbad-beam
tepe of lamp Jvmese Bt is s vininent!y smtedd for
use 0t et ehor Fhe reftisctor e of eveelient
gualicy and is 0 wle in n vanety of stancand sizes,

alit aVelis e 1OCUsinE alucRItics assoetatea wite
the old-fashioned tyve of headlamp with sepurate
hilh and reflector. Although departure from one of
the standard sizes 18 not justitied unless purchase in
considerable quentity - contemplated, special fila-
ments can readily he incorporated in the standard
envelopes. Beeause the volume of the envelopze is
a0 tiuih greater than that of the old fashioned
headlight bulb, many of the fu mer limitations on
filment construetion are removed. The mannfartur-
ers of sealed-beam lnmps have now had sufficient
manuiacturing exverience with this type of unit
ta be able to design and produee, Giteradly ver-
wigin, SPeell lamps  Ineeting  specilted  requare-
ments,

Color Correction

Faven when the cundlepower of the Yehudi lamps
is corveetly wdjusied for an intensity mateh with
Uwe oky, the airplane miay be visible by virtue of a
color difierence. The color of a white cloud in direet
sutdiht ix in the neighbarho sd of 3500° K, ar over-
cast sky has a color temperature approxineling
6500 K, and the color teimperature of a blue <ky
may exeeed 20000 K. Stee tupgsten lampe nor-
mnlly have a eolor tempenture in the vicinity of
3000 K. it ix conumon practice to inerease their
rolor temperature by the nee of filters A« nopeatt
uf convenenee aml expeiieney, the tilters used
the Jater experiments were mude by conting gluss
plates with it of clear inequer contaming
transparent iroh-hine pigment ired shindei, Figure
14 shows the speetral transmittanee curves of typi-
eal filters proudueed by thicagethel The perfor
anece and effeierey of these filters ax indientxd e
Figure 18

Rinee e anount of bighe almoriedd Dy the filter
nereases with the amount of coler correction of -
feeted, 3t ir an the interst af poser coneercaton te
make no greater correetiom than s tegiired for
setisfuctory performanve. Preannahly, filtes made

oy colural glass or Oealored pl Slie 0t Y

fN‘rl-
hew for o large-scale sastalintion, ansd v skould be
noted that many blue glasser aned hine plasties trans-
mit freely at the long waxehioeth end o 'ne anee.
trune. When used with ineandescent fnegw, thas tigh
rel Lennoittan o wonhl ppabe end :..::..h..- P

GOSN

Hve countermeasure,
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/ SECTIONof

L, LCL CHROMATICITY
oxsol / DIAGRAM
€.200 0.250 0.300 N:o 0.400

VALULS OF %X

Froeag 13 Sevhon of ot indand 1001 chriomatieny diagram ¥ ahowing the cflicieney of the 8 filters whose spee-

tral trai s tanee curves upprsas o Fagare 14,

The valire of Y, give the inirgratnl tramsnnttenve fr dumment 1, < lungaten wano ot B4R degires R

***  Number und Distribution of Lamps

The resolving power of the hnnn eye for two
light sources of equal intensity is ordinarily as-
summed to be cne minute of are. To make cortain that
this vaiue is of the correct under of magnitide under
these sperial riaditions, the following experiment
war conducted in the vision range of the Tiffany
Foundation. Observers viewed a uniformly illumi-
nated white acreen un which a blnck disk with a
snall central hole was mounted. 1t was found that,
by properly sdjusting the inlensity of a Jamp
mounted behind the contral hale in the hiaek disk,
the disk became invisable when it subtended an
angle of lexw than 14 minutes at the eye of the
ubserver. Photometrie measarements confirmel that
G candicpower suppiied by the sinall lamp corre-

sponded o the candicpower of thy area of the
acreen ubzeurad by the bluck Jdisk. Tl experinent
indicates that even in a perfeetly clear atmosphers,
a hiack circular area 492 feet in dinmeter shoubd
be campletely vimeured at a distanee of two nautieal
miles under the best conditiine of vheervation when
w source of the proper inter Aty is nounted at the
center of the area. Subsequent experiments with the
full-seale mwlel were in secend with this caleulation
whea apnlicd to the fuselage section, but a greater
spacing was found 1o be peririsible along the o,
sections of the wings.

Within the limitations set by the resnlving power
of the eye, there is copsitlirable laawde o abe
choice of v Jher and disteibution of the lamps, For
exnmple, i the spacing of the Iminps is to e unifor,
lamps of various eandiepowers coubd be used. Such
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SQUARE FEET
2

IN

ARE/

FUSELAGE

i
<\
S

AREA OF % SILHOUETTE = (44 $Q.FY
TOTAL AREA = 288 SQ.FT.

ASSUME 40 LAMPS

AREA PER LAMP = 7.2 $Q.FT

() S ) T3 76 T3

T 37 20 ry 4 1) 17 vy

LENGCTH IN FEET

Freves 160 The spaeing of the Tunps can be detenained theoretieally by vilinge the total ares into lementud
areas el in nnbier to the number of lamps to be used on this hall of the plane Frote the atamdpoint of hori-
zontul spueing, the kinps should be placed at the center of cach clemental aren g showa.

an dnstallation ix impractical from many stand-
pointe, and an wquivalent result i<oseetred by en-
ploying lamps of equal intonsits with appropriate
st A method for determining e annraneiate

spnsing i illustented in Figure 18 Stractueal con.
rilerations often prechade the mounting of inps in

Fuoar 17
Lyler wing

Tamgw snepeneded in heackenn beneath

the ealenlated Jocations, but mmor displacemients of
the fatmpe are usually pernicsible, ne enn be demons
strated by the methed vutlined in Soction 8.5 of this
retiart For eanmple, 3t hne hwen found hso
method that altnouph banps suspendied on braccets

beneath the wing funetion properly near the wing

Futue 1R
Tunand ming

Tauyw meamted i heading odge of n-
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the seetion wherever the wie » o)
Figures 17 and 180 'n the fuselage seetion and
around the motor cowlings, acrodynamie considera-
tions may —quire that two or morce lamps be re-
plecod by a single unit of correspondingly greater
intensity.

nos Alignnient of Lamps

The alignment of the laups on an actual nirplane
should present sone of the diffieultios - neountered
in the final adjustments that were necessary en an
clevated nonrigid structure. There are numy -
sible procedures, and an outiine of one will suggest
many variations, If a level airficld a mile or more
in length is available, the airplane may be stationed
at one end with it- tail eievated on jueks to the
proper attitude. By ghting one lamp at a time, an
vhserver at the cpposite ead of the tield ean indieate
the neeesanry adjustments. Portable radic equip-
ment ix usetul in this eonneetion. When all the
hivmps are in approximate alignment, a delicate test
for horizontal adjuztiient cun he made by noting
whether all lamps remain cguatly bright when
viewed from positions at equal lateral distanees
from the axis. The corresponding test for vertiea!
adjustunent ean be made by raising sr Jowering the
tail of the plene, Some tane aght e saved g the
above provedure Dy kg 1 preiiminuey abjust-

[ AR L]

Photacirettn: des e waed in the Tasffany cxperinn ts i

e ! IO ERT

Aeomethod s not sufficientls eriti-
cal for the final adjustient,

Laadliahe, T s
SURNAENT e

Gyonas

*¢t  Method of Controlling Intensity
Throughont the cxperinents herein re ported, pho-
toeleetrie equipment hins been vsed as a guide in
controlling the intensity of the lights Two phote-
cells of the photronie type were ealoyed in the
Figure 19,
the celis i illuminated by the sky background and
the other by an auxitinry latap in the main lamp

s

bridae-type eirenit <hown in e of

eireast Wath thas aesanernyumt o

L ITIT

b
lammeter gives no deflection when the two ceells
are cqually illuminated. A Polaroid shutter is pro-
vided between the avxiliary "amp wnd the photoeedl
to wdjust the zern position of the meter after the
proper intensity hax been found for one condition.
Subsequent changes in sky brightuess, as observed
by the sky photocell, ean be compensated by ad-
justing the rheostat i the Iniap cireuit until the
meter again reads gero, Such o munual control con-
templates that some member of the erew will min-
tain this adjustinent priorto and during the attack.
Full witomatic contrel is possible by the use of »
<uitable servo-mechnnism,

Beeanse of kical varations in the Lrightness of
the skv. the fiehd of view of the sky photaeel] should
thretieally be restricted to the angular divergene:

o A
Mod ¢4
Ly Corear e

aatehine e abe Bocleeaiet
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quantity of flux is recetved by thie photoeell when
the himitatic. of its field of view is aecornplished by
motuting an Lpertire identiend inosize with the
phoicc- ! windaw a* such a sdistanee from the cell
! the desirea fiela of view 1s obtained. A greater
quantity of flux amd » resuiting iucrease in the
selsitivity of the control system can be achieved
by replacing the front aperture with a lens having
its focal point at the cell. When ths is done, we
field of view is independent of the lens diamcter,
an! u zain of 36/(; -umber)- in sensitivity is se-
cured. Suituble lenses “aving a relative aperture of
{72 are marketed as reading giasses. Wath such an
1,2 lens, a ninefold gain in fiux resuits. When o
collection lens is nat used, the photoelectric control
is foreed to operate near its threshold sensitivity on
dark days.

Color of Paint

A biack sthouette was used throughout the ex-
peciments deseribed in this report heeause the in-
tensity required to mateh the sky background i then
independent of the ilumination falling on the face
of the sithouette, In an actual instajlation, the por-
tions of the airplane that an enemy observer ean see
during n tactical approach may advantageously,
from the standpoint of power requirements, I
painted some other eolor, There s little benefit to
b ognined Do pronang dhe undersuriness with
nighiv reficeting paint, sinee these sutfaces recvive

Frotux 2
silhoue'te

and by seattening in tne intervening atmesphere,
but considerable saving in power can be effected by
using a more Lighly reflecting paint on the vertical
and top surfaces. However, the control of the light-
ing equipment is then more complicated, becanse
the illumination of th vertizal surfrces varies enor-
mously with, the sngle at which suniight strikes
them,

[ the muportant areas visibie to an enemy ob-
server Lro painted o dark, saturated blue, it shonl !
bo possible to reduee die powsr requirements son.e-
whet without neeessitating & more compheated con-
trol mechamsm. e ix case, the light reflected from
such suriaces wili be predonminantiy biue; and biue
light has little effeet un luminesity. Blue light dees
increase the rolor temperature considerably, and the
greatest increase would oceur on sunny* days when
the skyv lsekgrourd inonast likely to he at the high
color temperature of blue ky.

LN

The Effect of Crosswinds

During discussions of this project with Servies
personnel, attention has often been called to the
fact that, when crusswinds are encountered, air-
eruft would not orlinarily present their head-on
wspreet during an appreach. Thus, even if the spread
ol the beams was great encugh tu include the target,
the mateh wath the sky would be naperfeet beean
of the cimnge i siae and <hape ol the stlheet e
Figure 20 <hows the sithotiette of a Liberater tR-24)

J

(Ahor ey Sathow 1o of Laberster vicaed foium the et st an angle of 20 degrees. (elom i Hesd-on
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viewed head-on. Ubviously, an installation of hghts
intended to csmouflage over so wide an arc rould
require that lamps be mounted along the sides of
the fuselage. Such complications are avoided if
pilots are instructed to “home” on the target. In
this case, tne approach will be r.long the slightly
curved course illustrated in Figure 21.

SEA-SEARCH AIRCRAFT 49
R R A B N S R U P L X |
AIRCRAFT

In 1943, the Aircraft Anti-Submariae War .o
Development Detachinent of the Air Foree, 1. 3,
Atlantie Fleet [ASDcvLant| stationed at the M .val
Air Station, Quonset Point, Rhode Lsland, regr sted
the aid of Section 16.3 ¢f NDRC in connectior ,ith

—

—

'/ | -———— \':.}q
T e *"."“"JwZQZ.Io_

Fiorae 21,
ing an spproach with a strong cromswind.

Diugram showing the curved fiight enure that resulis when the tight benma ure held on the targe  dur

This curve waa plottei fur the rnse of & crsawingd whome veloeity is onc-Bfh ol the air apeed of the plane.

69

The Effectiver.eas of Enemy
Countermeasures

The only effective optical counterneasure sug-
gested thux far s the use of binoculars. Theorcti-
cally, if there were no atosphere, 8 perfect pair of
8-puwer glasses would increase by cightfold the
eflective range of the Yehudi camouflage. Because
light is always scaltered to sume extent by the
atinusphere, the effectivencss of binoculars is always
lews than the theoretical value, Furthermore, the
field of view of aurh hinoculam i« searcely mnrs
than 3 degrees, which greatly increases the diff.
culty of scarch, At the time this project was started,
it was understood that the Germany were using three
obscrvers un the decks of their submarines, each
heing assigneda to search the sky through an are of
120 degrees. It was stated as part of the original
pruject assigninent that the use of this camoufiage
measure would be fully justified if its oniy result
was to require that cnemy loouts use binocylars
rontinaously,

The use of eolor Blters by enemy observors would,
of cvupse, be futile unless there is a marked spee-
tral dissimilarity between the lights and the natursl
Y ackground which they attemapt to shinulate. Under

tectam special contithns, polariging devices would

watvas the visibility of the capnwufinged airplane,
hut these specinl conditions do pot often occur. 3ea.
search planes equipped with Yehudi camaouflage can
be detected by enctny rader if the enemy 15 willing,
or finds it neccenary, to wacrifice radar dlenee,

Ychudi camouflage. They wished o install 1+ "esan
their patrol airerall cimilar to those des -ne! for
the B-24 but inteaded for continuous use ey
ing in clear weathcr under blue skies. Foy 1iv pur-
pose, the Navy requested a much greater v tai
beam-spread .. 'd the ability to match "y omaint-
nesses up to 1,500 foot-lamberts. Such a u‘slg'\ Wwos
produced for the PBM flying hoat. Late . '
design was undertaken at the Navy's revu oo whiek
provided for intermittent operation wi 1+ o
spread limited to 9 degrees and the mate uny 4 ahy
hrightnesses up 1o 2000 fontlamber®  Althoach
special senled-beam lampr and the nee wsary hous
ings were devised, no installation wa  wints on a
PBM.

In the sank- year, the ASDevlhant Gioup st the
Naval Awr Staticn, Quonsst Point, Rhude Dsland,
requosted aid in designing Yehudi camouflage for o
TRF turpedn bomber Such a design was made, and
advice was given un severa! incidontal prublems.
Navy photographs of the completed installation are
shown in Figures 22 and 23. The frst flight test
occasioned favorable reaction. Further test Hights
revulted in impruvements in the adjustment of the
oquipment and in techniques for its use. It ie under-
stond that “ader conditions such <hat an wy sivw-
flaged plane was visible at ahout 12 miles, the planc
rquipped  with Yehuidi camouflage could approach
tn within 3.000 yards without delocihm, vien v 1.,
ite aphmgiines lucation wae indicaled by an ac-
companying uncamoufiaged plane.

On the basis of the ncommendations in & report
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. P 20 TRE v ed ho's equipped with Yehwdi snimonflage devignnd to conceal the aireraft from vieund
H e el Syoan vbee: cer at the ' rget until the rnge has been cloed to 13 mibes.
. e lavy temts, the o auifmge ful bl thie requirerwal evet aa days s clear that the plane was visible sl 13 miles when the
; Voosa e werw b Lo bed,
3
L3
‘ )
i
) \M; “ . . . - .
Poaa 2 e viw of e YU jonpeda lunber duwa m Fgue 1
The Vvl e 08 e 1) 0 Demsingy peetreding frum St ealg dlee o e wmd. sl 8 Vofweed memnic ma the | ool
g
peged bt AN Tt e ! at onderad the a- te make e nececany Canges i the sncineering
satlathen of Yehndh eame e on an operatice fmwings of the TBF a0 that Yehwli canuwifiage
cqumlton of TBY sereenct 0 e crentiy the Naval  rmabd he factory installed. 20 tar as s known,
v 8tatea ot Patnant 0 \aryland, was avked  neither of these projects aas completed.
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CAMOUFLAGE OF NAVY GUIDED MISSILFS 2
an CANECTITT LT T WY T~ T LSOV B P A A . - v
MISSILES being construstad by them under their contract wi

During 1844, the Specia! Designs Seetion of the
Navy Bureau of Aeronautics requested the technical
assistance of Seetion 16.3 of NDRC in the design of
Yehudi camoufluge fvi an LBT-1 Glomb. Beeause
production of the Glomb had already begun, the
Seetion was requested to devise Yehudi gear in the
furm of attachments which might be instatled in the
field, and which would enable this guided missile to

th~ Navy. Thc electronies staff of the Rosearch La
oratories of the Interchemical Corporation, Ne
York, was requested un:ler Contract No. OFEMs
697 (e Jexign, construet. and install an automat
photoeleetrie conteat svstem which would make ma
ua! adjustment .f the intensity of the Yotadi lem
during flight sinneces:ary, Thix equipiient was bu
tFigure 24) and field-tested at full seale on &
prewizes of the Louis Comiort Tiffany Foundatio

Frame N Antomate phatocheine crenl cotiaol {oe Yelad Lang -

This mputjacent wos lunlt wmebes nuntrart OFMoe 07 Fe tise s LRE 1 Ghasta amsl s shewctdos] g 13m0 et N #0020

Pt 4 wvdhe tronter). o hotg shwbial rehive. meamitod e o Ve Veheo!s fonge amd the ohy lakinl 1he jdamne ¢+ obtived Y
torets gy cumpwinl e e varese i balar breige Levitred wiml o teln teuinl val cektede setvoensita, thebst o« b b

2o lanin - pude cBewtdal

approach its target within 6 secvtuls of Aving time
hefure becoming visible. Structural and acrmlypamice
difficultics made this problem appear inpssible of
sulution.

On November 1 1004, the prisluction of LT}
Ghante was discontinied and the Xeetion was asked
ahesst the {easilality of installing Yehudi camoufinge
on the LBE-I Glomb then under devehsymuent by
Pratt. Read & Company. Ine. Deep River, Conner.
tieut. After a pweliminary investigation had die.
cheecd that the technieal diffieultics encotntersd in
the LBT-1 were not present in the new LRE.D the
Navy rmquested the Section o supenise Ui engis
neering amd installation at the factory of Yehwli
canvniflage on an experimental LBE-1. The nytost
was formalisrd by A/N Projeet Control No. NA-
188 In reeprmee thereto, an ORRD  comte-.
1OEMar-1458) was placed with Pratt, Read & Com.
pany Inc. for the mechanical design of the lighting

C e

RENYL STy

Oveter Bay, New York where an OSRD contea
WOEMr-3971 for camutlage ficld studies was
Toree. A deseription of the contrnd equipaent
pwars in OSRD Report Na. 6358

The work by Pratt, Read & Cotnpany fne. was @
terruptinl on several oecnsions by changing requir
ments e by the Navy, including a change
the methud of intelligrare by which the Giomb
earsed 10 Daane on it target. At the time of ¢
Japancee sureender, the engincering bad been con
pleted. and a speeial wing bearing the Yehwdi lawy
nearly constructed. The Navy subsequently canech
tts contract with Pratt, Read & Cempany In
thereby making it impossible for the contractor
cumplete the subjert work of Cuntraet No, OEMs
. At the reques of the Burean o] Shive, t
appartus consdructed by the Interchemieal Corpe
mation and hy Pratt, Read & Company lor. wi
transierrvdd tn the Navy.
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ANTISEARCHLIGHT CAMOUFLAGE FOR AIRCRAF

LA INTRODUCTION

URING 1942, the camouflage officer at Eglin

Field, Florida, viyited the headquarters of Sec-
tion 163 of NDRC to djscuss the applieation of
various camouflage measures to Army aireraft. Dur-
ing the discussion, it was reported that the matte
black finish used for antizearchlight camouflage was
not effective, and that its roughness resulted in a
decrease 1n the airspend.

T2 COFFIN PAINT

The dev.lopment of an improved type of matte
biack tinish wax referred to the Research Labuora-
tories of the Interchemical Corporation, already
operating under an OSRD contract {OEM=r-897)
supervised by this section. In loww than two weeks,
the contractor had produced a novel type of finish
in which, by the use of a suitable plastic, the xnll
particles of carbon black are formed into agglomer-
ates of sufScient size to impart the necessary optical
roughnese to the surfare, the function of the plastic
being somewhat simtler to that of the rilasses in a
popeamn  ball. Sinee the plastic is transparcat in
antinary vehickes, this fnish, although smouth by
ordinary eriteria, is extromely matte, and has o
diffuse reflectance of only 2.2 per cont. Samples of
this finish were sent to the Ammy Air Furces Proa.
ing Ground Command at Fglin Fickl for flight
tosts,

The results of the Lalin Fickl teste v tiie cofin
paint. as the material came to be called. indicated
nn significant improvement in conrealment, the
olwervers reparting that sireraft camoufiaged with
this material "hwked white in & seanhligiit beam.”
They were, in fact, almost indistinguizhalde fiom
plance camouflaged with the tandard Army matte
black finish, which has & diffise reflecto e in the
peighimalwnd of 3 per cont. [t was - oncluded frnan
these tests that, since a redhwction rm § per cent
to 2.2 per cent had produced on . slight improve-
ment, a much grester reduction 2+ 1] be_pecceary
before crncealment in a searcalight beam could be
achieved. This ronchsion was home out by the

results obtained concurrently st the
tion au a lr boratory study on the
gets.

The pansibility of further reduet’
low diffuse reflectance of coffir. pan
Of the light reflected by coffin pa
the 2.2 per cent is reflected at tf
paint without entering the body of
all. Henee, & more complete absor
the black pigment itsell would
reflectance of the paint film sigmf

T GLOSSY BLACK PA

In view of the experience witl
appeared that the only hope of )
planc invisible i senrchlight bean
sibiiity of alteriag the geometrice
the refeetea light. Wherens an aire
coffin paint is almost equally vi:
direction when eaught in the beam.
plossy black paint juight make an
froes «<ane directions at the expen:
semewhatl more visible in others.
in which it s visinle she g happ
military importance, the adventag
iblc under all uther circunwtance
Rreat.

The Interchemical Corpsration
fore, to prwdure & gloey black #
having the Juwest puosaible diffuse
meant s dispersion of carben bla
vehicle without extenders or Allers
miateris! developed s Jdeacribed b
1.5. and its development has been )

hy e conteactor '™

T2 Proliminery Tests st Mo

A sample of the new material
to the Tiffany Foundation for fele
wentia: 18-rce e s of & B
viained and painted in te new
paint, and with the stamlard A
The madels were euspended from .
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Chapter 6. Automobile spotlights and battery-
powered searchlights were used to view the models.

From the momeut of the first comparison, it was
plainly cvident that the new camouflage was vastly

- superior to the matte finish. Indeed, under many

circumstances, the giossy plane could not be oen
at all. The appearance of the modele i= illustrated in
Figures 1 to 4. These photographs, made as illuztra-
tions for this report a* a later date, were produced
with the arrangement of lights, cameras, and models
shown in Figure §.

Figures 1 through 4 atow the maodels as they
appeared to an ol:erver stationed at or near the
lights. (n the side of the model opposite from the
lights, there is & puint (or points} from which light
speculerly veflected by the Black Widow finish ren-
ders the plane visible, as shown in Figure 8. How-
ever, in the case ui a moving airplane, the point
from which it is visible i3 moving also, at double
the ground eneed of the planc. An obscrver, there-
fore, is afforded unly a flecting glimpee of the plane.
The shortness of the tine interval during which the
plane is visible in important, for it makes the target
nearly impossible to follow with searchlights or
guns,

ras Flight Tests by the Army

After the successful experiments at made) seale,
samples of the glovsy blaek fnish werv sent to Eglin
Field for fhight teet. I'he Army* repart which waa
issued sulmeiuently deseribics the results as follows:

On mosl oreasions he iny S hitite of the shject hlark
camoul age with wurchlighis full o the sirplane i amasing.
The standard daytime exmaufisrn ie viable s & ulvery gir-
plese duriag the vliee iravere serom the mereblights. The
siamlard duill black esmouliage s adeurt alweyy as vinbie,
but dure aul shine w0 brightly. The swhjsct dlark ramoufiege
® iuvisdble masl of the tiae.

Optically controlled searchlighte were said to be
quite unable to And and hold the srplane at oll,
and the effectiveness of rader-controlled search-
lights was reduced abuut 50 per cont. Even when the
test plane was held in th~ kem of a radar-controlied
rearchlight, 8-power 2ight hinorulars raablel oaiy
the insignia amd the revolving propeliers ti be dis-
tinguished. These resulis were not whaily unex-

*Final Report an Trat cf Glos Paint for Night (‘amen-
flrge, Berial No 343111 A% 7. projeet X (30.1) | N
Proof Iepartmmenz. Armv Air Fucre Provieg Gronad Com-
mand, Fglin Field. Florids.
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Chapter 8, Automebile spothghts and  battery-
powared searchlights were used to view the models.

From the moment of the first comparison, it was
plainly cvidert that the new camoufiage was vastly

- superior to tne matte finish. Indeed, under many

circumstancer, the glossy plane could not be on
at ell. The appearance of the models is itlustrated in
Figures 1 to 4. These photographs, made as illustra-
tions {ur this report at a later date, were produced
with the arrangement of lights, cameras, and models
shown in Figure 8.

Figures 1 through 4 siow the models as they
appeared to an ol:erver stationed at or near the
lighte. On the sidde of the madel opposite from the
lights, there is & point (or points) from which light
speculerly reflected by the Black Widow finist ren-
ders the plane visible. as shown in Figure 6. How-
ever, in the case of = moving sirplane, the point
from which it "< visinie is moviug also, at double
the ground rpeed of the planc. An obesrver, there-
fore, is afforded only a fleeting glimpee of the plane.
The shortness of the tinwe interval during which the
plane is visible is important, for it makes the target
nearly hapoesible to follow with searchlights or
guns.

v Flight Tests by the Army

After the surcessful experiments at maodel scale,
samples of the glosey black Anish were sent to Eglia
Field ior flight test. Ihe Army* report which was
issvied sulmeqjuently deseribes the results an follows:

On most arcasons the inU ALy of the mbjeet hinek
camonlage with wnrchlights iuli on the sirplane is amasieg.
The standaed dzptime enmrafiege i visble 08 4 silvery pie-
Piase during (he catire Lraverse asvom the searchiighin. Th
slamiarnd dull blark ssmoufiage i slmant sdweys as visldbis,
but dore mul shive se brightly. The suhject black ramouiiage
n mvinble mast of the twse.

Optically controlint searchlights were said to be
quite unahle te find and hold the s'rplane ot all,
and the offectivenem of radar-controlled search-
lighte was reduced sluwt 80 per rent. Even when the
test plane was held in the beam of & redar-contralied
searchlight, 8-power night hinoculare enabled only
the insignia and the revoiving propellers to be dis-
tinguished. These results were not wholly ubex-

S Finel Report an Tret o] Clamy Poini for Xighi 1 'emon-
finge, Herial Xo 3-83-11 AAP B Project No (M1 T,

Proof Tepartmen:. Armv A Forees Pruviog Grownd (Com-
mand. Egtm Fioki, Florids.

diffuse reflectance in the neighborhood of 0.1 per
cene.

Tre ProcuiemeNT Popres

In view of the favorable report from the Air
Forces Pro.ing Ground, it secmed likely that more
extensive tests and demonstrativns would be con-
aucted, and that such testa would require more of
the gloesy blark finish than th: Rexcarcls 1.abora-
turies of the Interchemical Corporation would be
able to produce with their small-seale equipiient,
Arrangonients were snade, thereforz. with the Ault
& Wiborg Corporation, Civeinnaty, the Mailinekrodt
Chemical Works, ¥t Lous, and the Rohm & Haas
Company, Philadeipnia, w compound materials
identical in fuinulation with the material used in
the Fglin Fivid tr<ts. These materials were made
available under the trade names of Wiblack,
Mallo Black, ani Rhoco Black respectively. By
establishing three sourecs of ».ppls, the materia!
eotld he procured by the Anny or Navy without
waiting fur a specifieation to be prepared

Tas . {option by the Army

The contemplated tests were never cancducted be-
cause the Chief of the Army Air Forees ordered
that all night fighters be provided witls this type of
camouflage. The Sectivn immedistely informed the
Army Air Fiorces Matestel Command st Wrighe
Field conccrning all pertinent detaile of this devel-
upment, and the regular Army procurement proce-
dures were instituted.

At this time, the code name, Black Widow Proj-
eet, was adopted in recoguition of the P81 night
fighte-, which was the first type nf sirrraft to be
given this antwearchhight protection.

A Inquiries from Britaia

The London Mission of the SR had beea ket
inforamed of the progress of this develogrment, and.
82 & rosult, cables from Britain began W request
more mormation emd ey the  antisesrohiigo
finsh. pnmenly in ronnection with night-bombing
aperations basrd in England. Inasmoch ot the nec-
emary information could not be readily embetiid
in correspe. t~nee or repor's. Lhe Sectinn suygested
to the War Department that the Amsistant Chief,
Miserllaneorw Sertion. I'roving Ground Conwnand.
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’ 246 ANTISEARCHLIGHT CAMOUFLAGE FOR AIRCRAKT

he sent to Lin ond ononsneeial missoe to aeguaint
Lueth the AAk and the RAF with this new camon-
flage measure.

This was done, und during the four months he
was there, the appiieation of this finish on & large
number of aireraft was supervised, a routine sched-
ule for refinishing was established, and arrange-
ment « for =uitable produetion tae Jities in the Tnived
Kingdem were made.

a3 Use over GGermany

Memoran:um Report No, 283 irom i Nir Teeh-
nical Seetaon, Feadguarters, Eurspean Theater of
Operations, subject, Application and Observition
of Antearehlight Camouflage m E.T.0),, contains
the first indiention of the effeetiveness of this anti-
searchlight camoufinge umder combat  rondidons,
Although only relutively few bombers had been re-
finished at the time that this report was issued,
there hadd been enough instancees of effective protee-
tien nguinst enemy searchlights to enable the roport
Fe-re 5. Arrangenwent of eamera, hehts, aml soodel to take cognizganee of the baprovement in the merale

aireraft need to seeure photographs shown e Fitutes . v .
P24 anmd? of «quadrens vaing Black Widow finish

Vs b Photegraph of metels of B sieralt dhow, gt refleete! epecutary by flack Walow hm-h .‘.|\|‘||rl
o 1igh1) whin the pline 1 between the ohecver anmd th e sewrchlighta, In the case of o moving planc, sty visenes

e tie conditson ol fow 3n inatant
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T inguiries from the Pacific

U. =0 Alr Forees stationed 1 the Pacifie theators,
on reeeipt of the report from Eglin Field mentioned
above, requested teehnieni assistugice i conneetion
with thix ne. antisearchlight camouflage. A con-
siderable quantity of 3 naint, procured under
specifientions prepared by Wrizht Field, was shipned
0 the various theaters, and the eamoflege offiecr
was sent to the eentral and <outh Pacifie arens
shortly after his return from Eoglend, He vas as-
sisted by eivillan members of the Oftiee of Fieid
Service. In this way, ull Air Forees involved ia the
war with Japan were apprised of the value of this
citoulinge mewsure and wers given assistanee g
the application and maintenanee of the finish,

Beeause the operational concditions in the Paceifie
thenwer are o anlike those that exist in Furope,
the effectiveness of this antisearchlight measure was
stthjeeted anew to Fodn tests over senrellight bt
teries manned by veteran erews in one of the getive
theaters, These tests hrought our advantages which
had nat been realized previousiy, and sugeested new
tactiex which had ot heen eapicyved fonaerly, The
vesults of these tests are to be foand in Memoran-
i Report on Antiscarchbght ¢ amoenflage, Opers
ations Analvsis Seetion, Hendagunters, Far Eastern
Alr Forees, the elassifiention of whieh is higher than
that of this reprt.

T4 OPTICAL BEHAVIOR OF THE BLACK
WIDOW FINISH

An aireraft enmeufloged with Blaek Widow finish
has a diffase reflertance of approxmacely 01 per
eent, 5o that me a searchbght heam it appeaes nhont
171000 as bright as would a white-painted ship, Ta
this diffusely reflected light is added the contbution
due to all of the tiny vistaal bneges of the seareh.
lights formed by the wieror-like surinee of the puant,

L nireralt wine grometrieahiy spe shingnes, such
ne plancs, exlinders, or spheree, it would be an cisy
matter to ealeulate the sige of the virtual anages i
the sesaeliligho Sinee most aireeait surfaces dare
convex, the virtual wunges nre generaily sl ho-
cutaad wathin the ship apd visibhe over a wide rage
of dircetione. The brightness of each tmage s wp-
proainatelr o cent ef the braghtoess of the
searchbight itacil npl eting the sttepuntion e 1o
atmospheric hnpe between the Lgint and the plaae

When the plane i« copsideral as n visun) target,

the inherent fntegrated eovivic Lol e plane v it e

zero i the wtal light reflevied toward the observer
equal - the total lig ' which the obsciver would have
received frem the part of the sky which the plane
obstruets, Beeause the space behind the plane is
lighted by the searchlight Leam the obstrueted light
iy execed the anount eeceived normaity trem the
night =ky. Therefere, zero refleeted Jigh frem the
plane 1= not the condition tor minioum vis hiltty,

No opportunity was found during 1he var te
measune the quanutios of lignt involved 1o aetund
serviee test, However, the reports Dvom the Serviees
ieate that the Black Widow finish wffords more
perfeet concenlment for the planes eaught in scareh-
tight heams than was oricinally expeeted, This sue-
ceas iy b explainel it by chunee, the condition
for zere inlierent Shtegrate! eestrast s omet by s
plane ¢f cenventionad =hape treated with Black
Widow finish.

3 FORMULATION OF THE BLACK WIDOW
FINISH

Bluek Widow finis b niay b prepured and used in
wovariety of fetms, snehoas Laeguer, fustedrving
e wed cnanel ol sediom deyving vate, The
type ot tinish wineh shoulid be ehesen for nae i oy
one feeatien depends upenosael uetors o phe chiel-
ter aficrded the thne availuble betere the dresaft
st b returied to serviee, the shmo- pherie cone
A e il the ﬁn;d':lgn_: -r:ni:mu nt inatalled

The drving of Jaeqguer bopemds ahoest encrely
on the evaperation of the solvents in the Liequer,
while the deving of aeumel i refatad not oaly to
the evaporation of the colionts in 1t hat also, us iy
ordinaey pents, (o the oxidation of swme of the
resinetts constituents o the binder, which converts
thom o teugh, inso’uble 5 Lacguers dey dust-
free el nonc eonidle than cienels snd therefore
di et roguire as much shelter durig apolication
ae cinmels Inogesceeal the desired coverape vay Yae
with
Ao, e paed
viclile s samowhat Bigher wlees tha Yseguor bee

alta ned i fewor veie with Gel Jlan
ivquer. which eontairs e sulils

e The o i oo ol sodvenis, ciaee
acteristic af the laeguer fopn dend o mipart w
the surfaee wonld wevenness called crange e,
Exeept in sggravated or neghecied oo, b
thia nvass, .v\'l e et detenet from liw .wr.’nrln-
ance of Black Wodow Tiequer a¢a camovfinge finish
comparid to Black Wide s enawel,

et
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In preliminary diseussing  witl the Awmer Adr
Forcex Proving Grouna Command, Fglin Field,
Florida, a preference was expressed {or the syn-
thetic cnamel type of tormulation, which promised
to be the easicr material to apply Lo aireraft pre-
viously finished with Air Corps camouflage mate-
rals. For this reason the enamel type of Black
Widow finish was the first supplied. Subsequent
events suggested that Blark Widow tinish might not
be applicd to any considerable extent in modifies-
tion centers as u repaint job, but would find its
greatest use in production as the original finish,
where rapid drying is of paramount iaportance to
permit further work on the plane ax soon alter
painting as possible. When Black Widow finish s
shipped for applieation elsewhivie, the greater stor-
age stahility of lacquers as compared with (namels,
particulurly for Pacific areas with their considerable
transit times. further recommemded the lacquer
type. In adidito o, sinee painting facilities are often
crude and time is of vital importance in advaneed
theaters, the lnequer tyne will be in mueh greater
demand, Both forins, howeoor, receive attention
fere.

Like ol conting compositie s, Black Widow fin-
ish consists of pigment, vehicle, and solvent, Carbon
Bk ol seens periuissibic as the pigment, and
the desired resuits, will be obuined anly from the
best lcquer grades of earbon blaek, selling in the
neighborhoad of 50 ¢ - more per pound, The
compronnsding rabiwer,

: wonitahle, Further,
the carbon blaek chosen muet be very well dis-
persed by one of severe? Dighly eficient methods
koown to the art, for any clueg -« of andispersed
black will mar the final finish + | disturh the de-
sired Jow-diffuse reficetan o,

~ and
pas bluchs generabi, o od Jor

‘::: [CEREETR B}

mband e rare e

For Rluck Wicow laequer, ' vehiele generally
consists of a nxture of seoabc grades of nitre-
collilune wad caie or more svooetie resing In the
¢ Bluek Widow ennmel, the binder in the
veluele i e e of one or waore resins, chosen to
give in ~ombination the desired ultimate propertics
in the il To aceelerate the airadeying of ti
enamel cont,  conventiora’  vetallie driers
adiled.

Sufficient sor.ente pne diSues are present or
added to the corting cocsps dons o convert them
to the proper eonsiosteney for the selected methad
of application,

LIS

wfv

" R A LT
Ly pivad el fasnasdaiicaid

The composition of typieal formulaiions is as
follows:

Tymeal Blaelk Widaw Lacqrer

Ingredients Parts by Weight
(arbon blark (high color) 50
Nitiocelulose (low viscosity) 400
Alkyd resin (nonoxidizing Gy 450
Plasticizer 100 ]
Solids 100.G
Volatile Lwequer =olvent and diluoo e
Total 325.0

For spraying. thin 3 parts above with 2 parts of laequer
thinner.

Typical Black Weainw Enemel

Imerediont= farts by Weht

Carbon b % (high color) 6.5

Alkyd resin (oxidizing t1ype) 45

Miuned drier xolution 3.0
Nolids 100.0
Volatile solvent 0.0
Total 1900

For apraying, thn 2
thinver,

parts above with 1 put of enanel

¢  APPLICATION OF BLACK WIDOW
FINicH

In the application of either the lacguer or the
cnamel type of Blhiek Widow finish, stundand indus-
trin) paintiag procedure is followed, Nospeeia! te?
niques are required. The laequer or enamneld, as the
cise may e thanned to the proper consisteuey
for spraying and applicd by means of the spraying
facilities with which Air Corps service inatailations
nre cpuipped.

When o reprint job over other eamouflage 15 nee-
essnry, it is not possible to avoid the samding of the
previows paint sinee conventional eamonflage fin-
ishes are comparatively very rough and porons and
are not adepted to reeeive a glossy top cont. The
ald surfare ix first sanded smeoth with No, 320 er
No. 400 abrasive pupar and water. The seum which
i left after the water sanding is earcfully wipe!
aany The Blaeh Widow fini hoi v ap
swandard sprayving methods

On jobs okl or new, Black Widow finish need not
te apptivd o the entire Predaee Phe clore black s
spioved onadl unaer suriaees amdooarried thiee-
quurters of the way up the sides When viewed from
below er from nny Jow lateral position, o'y an-

el !)'\'
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vroken glosy black gsurfuees vheuld nresent then-
seives.

The top insigne is left undisturbed, The identifi-
cation insignia on the bottom are completely cov-
cred. The sida insigne is usualiy dulled by fogging
with zray paint or by a light pass of the Black
Widow finish,

Detailed instructions fur the application of ihis
paint are contained 1n Headquarters Army Air
Forees Technical Order 0-7-1-1, which also gives
some information as to coverage s procurcment.

Like ali lnequers ana enamels, Blaek Widow fin-
ish graduaily shows the nonual cemulative effeets of
weathering, After the wiquivalent of a two-week
exposure ir Florida, the speetral reflectance of the
cleaned surface ix found to increase to & value of
abuut 0.5 per cent (after the gentle removal of the
senm collected in this period). Conditions on an air-
field and in Hight are more rigorous thaa standard
Floridu exposuce, for the clowlds of abrasive dust
stivred up by propellers on the ground and eaked in
wel weather on the aireraft surfaces, and the cor.

Viovae T Phatosg b sboatieal weth Fustee exeept that the Blaek Widow fisnsh o the nubed on the rght has
been splashed with mnd, thos ge g guets of the plane o ugh diffuse reffectance. This uastetes the aportanies of
Keeping the Rlack Widow tunde elean ad glossy s Mantenanes proeedures une diseussed e Seetion $7

R MAINTENANCE OF THE BLACK
WIDOW FINISH

The west important attribute o1 Black Widow
finish 4%, uf course, its exceptionally fow diffuse re-
Heetapee tFigare 2. With reasonuble care m the
swlection of raw materials, ax outhned i the pre-
ceding seetion, the diffuse reflectanee is readity kept
at a vahie of 0.15 pev rent of lower, Ninee informa-
tion coneerning methods  of mamtaining Blaek
Widaw finish does not appear in practicable form
clwewbere, it s inehded in the fullowing paragraphs,

roxive gases eliminated e proximity te gun et
ings, hasten the destratetion of tue dosirable low
reflectaree. It was therefore considered  cssentinl
that methods for the maintenanee of the low re-
leetaree uf Black Widow finish be investigntal.

Bused upon n long serics of vapuetancats wain
virinus polishes, waxes, apd rejuvenating conts,
ot of wnintevanes recommietedntions war forme-
Inted fur mamntenanee insteblations Fering o0 ders
ately eoe Yete faeilities and ampie thne 1on the nee-
eastiry sperations:

1. On a fresh surfuee, whether of the enamel or
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lacquer type. all additional treatment results only
m a haish of inereased reflectance and shoula there-
fore be avoided.

2. For « fresh finish whieh has becoue dusty or
is covered only superficially with dirt, the best pro-
cedure  for restoring the original low reflectancee
consists of washing away tie foreign materinl with
w mild detergent or soap containing u mmimum of
alkali. <

3. A mildly weathered surface may be brought
back to a satisfactory low level of reficetaree with
an extremely mild abrazive. In the eaze of o laequer
finish, the refieetance may be stiic further reduced
hy application thereafter of a waxy compound with
a soft eloth, while care i+ tnken not to leave any
whitered arens of exeess wax. knamel finishes, how-
ever, are in general soiter than typical Inequers,
which makes waxing of the ennmel undesirable be-
santwe it introcuees fresh seratehes.

4. Wher n “uaish has beeome badly abraded bat
~till conzles of a continuous unbroken film, whether
of lnequer or of enmed, it s first eleaned of all dirt.
dust and other foreigr materinls by wa-hing with o
mild soap aml water or by eleaning with a very
mild abrasive, and the entire surface is then re-
juvenated by appliention of o very thin coat of
enamel. Thix new cont may be applied with a eioth
soaked with difuted cnamel. A diluted lnequer com-
position s not suitable for this purpose eeaunse,
when used, it will dissolve the Inequer cont pre-
viously applicd] to give a finish of considerably in-
ereased reflectunce. On enamel, it i rweh more
difficuit to apply than a rejuvenating enamel Enigh.
A xeeond, additional rejuvenation cont vy be
applied after weathering of the rejuvensted finich,

5 U the lacquer or ennmel finish is broken,
burned, or so barlly wmarred that it gives unsatise
fuctory resulbts when treated aceording to the proce-
dures outhned above, anotiser full finishing coat,
camparable in thickness to those which preceded e,
v required. To reproduce the original reflectance
Coarncteristies, the surface to be recoated should
be smunth, which often neecssitutes preliminary

sanding tollowed by washine, The use of lacauer
over enamd} or enamel over laequer for this addi-
tional full coat is to be avolded, us the resultant fiim
will show poer adhesion o nnd tin the ase of
laequer over enanel?t will 1ilt the coats below,

In combat theaters, however, the necessary equin-
ment and time Tor thi exeeution of the recorsmenndn-
tions uhove are not always availale In these in-
stances, emergeney measures must be adopted for
the rejuvenation of the surfaces which nre encrusted
with mud or marred by muzzie blast and engine ex-
haust. Under these conditions, the aireraft is firs:
washed thoroughly with water from a steam jeany,
The temperature and pressure of the water useq are
adjusted to eepe with the mud erusts, Soap may be
added to the water to assist in its detergent actiop,
Any aull snots whieh remain ufter the washing has
been eompleted are then polished with wax free of
abrasive. If wax polish is not available, the dull
spot may be wiped with lubricating oil or hydiaulic
fluied. Such treatinents may uot. of course, reduee the
nonspeenlar reflectance to the desired low valie but
have heen found in practice to serve adequately
under the eirctituztanees.

. OPERATIONAL RESULTS

Numerous informa! report= of the suecessful aper-
ationun] use of Bluek Wilow cmmoutlage renched
Seetion hendqueacters, In the opinion of the Seetion,
the evolution of this camouflage measure was
most important contrihution to the war effor . If
commonly quoted figures regarding the cost of n
bonher aml its erew are mnltiplicd by the number
of bombers which sppear to hnve been suved, the
total expeditures by the Camouflage Seetion are
dwaried to the peint of insignificance. Alter taking
neeaunt of the saving in the lives of bomber erews
and of the possible inerease in bombing officiency
which resulted from the use of the Black Widow
firish, Seetion 163 of NDRC has come to feel a
deep cense of prige in the developiient of this eame
wifinge measure,
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AUPENDIX A

Values of the liminal contrast of cirenlar targets as read {rom a large-sesls plot of Figure 35, Chapter 3. T'he various
values =f the angular subtense of the target were chosen to facilitate the preparetion of the nowographie visibility charts,

Angulnr ‘ LIMINAL CONTRARXRT (FOOT-LAMBLERTYS
subtense _ .
of target
(minute+) 1,000 10 (i} ! 0t 10+ 1073 1 th-e
3540 POGORTE 000272 0 000277 | 00834 000534 00303 | 09624 0 0136
340 4 [ o.e0272 | 000272 ‘\ 000277 00334 T 0 (0536 ¢ 00112 D008 | U 0837 0,140
340.0 P0.00272 0 000272 1 ¢ 77 O 00334 0 00537 0 011D 00308 00638 0140
323.0 P00272 T 000272 0 7T 0 00335 0 00539 . 0 0114 ;00652 0144
3025 000272 1 oo PO 277 R U1 R S (W TIE ST SN TR T P petd Y1
203.4 000272 0 000272 [ 00277 1 0.00335 0 00544 . 0.0MIT 5 . 00678 ¢ 0151
201.8 0.00272 1 000272 1 9 00277 | 0 00345 0 Goss 0 OLIT L 0 0326 0 0 0679 0.152
280.9 000272 1 00272 1 0.0027% L 0 00335 - 0 00547 0 011N 60330 1 0 0690 0 158
2692 Po.ooar2 0 0272 | 000298 1 0 0335 ¢ 60350, 6.010 0 D.ukdd 1 0 0703 0.159
258 4 [ 000272 1 000272 1 0 00278 ¢ 0 00335 | 0 00553 0012t 00346 1+ 0.0718 0. 164
255.3 CONT2 000272 1 0 00208 . D G0B35 0 00833 00122 D udE . 00720 0 164
2340 Dopongm | 0 oomm2 000298 | 0 WSI6 o oussx 0 0 0.0382 0 OT4R 0.1
769 Powmore - o2 h.o02i8 000336 0 o562 0 012 00356 00780 0176
215.3 60272 0 0m72 1 o amTh o 0 00336 0 00ses 0 GI2X 0 0364 0 0. aTR0 O IN2
204 3 000272 0 0.00272 © 0 00278 D.ON3IG 0 00360 0.0129 00370 0 0800 018N
185 8 ’ 0OX275 0 0.00272 7 000279 G 00AST 0 MB70 € (M2 TR 0 U811 0191
ING 7 000273 7 0 00272 QKRR LIS oS o g 0 O3NG 0. 0840 0 200
IS8 6 POOL00272 0 00272 0 007D 0 003N 0 00577 0 0133 0 0386 N2 0 X1
1723 puM273 000273 000279 0K 0 oSN 0 0136 ) O30S 1 ONTS 0 210
1702 PO N7 00020 0 00278 0 00339 o oodxz - 0 0138 0401 ) ONNO 0212
11 B OM273 000273 . 0 0279 0 00340 0 dusss B OIGR 0 dto 0 0%7 0.220
157 1 Poon2zg 000273 0 00270 0 0030 0 005 0 0140 1 418 0 022 0 224
1820 : LURL AP S T 1+ R T (7 st R VR LTSV TN 1L UN ST TR ] U422 0 040 0 230
145 9 000274 0 OMRTE 000279 0 OGHL 0 ooseR 0 0143 0 430 0 083 0 27
143 4 I 0 o02r4 CNO0T4 000270 0 00341 0 00847 O D144 DN 0 08T 0 24
130 2 |0 0N2TE 0 0274 0 00270 0 032 0 0083 0 0148 DOME T 0o 028
138 0 LI L F I TN 1 & XIS AR AT I I L & SR 111 Y SR IR 11 € 11 0 (M40 0o (5 1]
129 2 | 000278 000275 . 0 om0 CO343 0 00RO 0 0148 0489 0 104 0 289
197 7 o078 0 (278 0N 000343 O pGBDR O G ) (48l [ITE 0 263
120 1 ‘ 0.00273 - 000278 0 00280 O 0344 0 00615 0 0183 0 0478 (T i) 0274
nis | 00276 000276 0 poos 0 0OHE o oodi? 0 0L (URT LY S I ) "2
1133 POCO2TE 000276 0 M0 0 S g ooat 0 0188 00403 [N YK 0 N7
w7 [ 000276 . 000276 0 0ORE 0 0T 6 E2T B ILED 1 O8ON 01N 0 301
{ Ui CUONTT O 0 002TT 0 00251 0 OOHT 0 odi2i 0 o 0 08N 0 s (L U}
102 1 ORI 000277 000X 0 K 0 oolad - 0 0183 0 0828 [ F2] 0 313
on 38 POO0TT . 0 RTT - D ON2KL 0 00348 0 oukds 0 0168 0 0830 0 118 0 323
a7 M NI 0 MIIT 0ot D OOUE 0 oge 0 OrW 108 [ P4 0 N
92 N4 COONZTR 0 OMTR D o020 N3G 0 00A48 0 060 0oss4 01t 0 343
02 20 L0002 . 000N ) 0NNZ . N GSBL 0 posdd D 0180 0 11862 0132 0 344
Ku N O ONITN 0 T 0 oKt 0 OD382 0 ooas2 0 72 0 0372 KN L
e CO0MIR 00T L 03 0 00352 o poasg 0 078 [IN{.LY] 0 139 0 388
H§ 10 POODTE T 0 0IRTR 0 00N v 0882 0 0DaSp . 0 T 1 088G 0 10 0 371
XL 70 OORTY T 00N T 0 R8s 0 00383 0 ool 0 0I1TH 0 ORos 9 148 1 3ne
N0 78 O0DITO 00N 0 g 0 00388 o omnea7 0 DIND 00T 48 0 3x0
76 U0 VR 11 L UG, T A B TIN  E T U A L SIS ST 1] 0N 0nrey [ORTK]
4 m [ONTE | DONTD 00028 0 WdBA N T D OIsT oty 0 ST 04
T X O D002 L 0 MEIKE O OD3BD ponaxs O 0100 . 0 0a8N 0 1R2 0" 434
ax o L 00C2A0 DO 0G0 UL 0 onses 0 M 0 0y 0 e o482
4% 0 |0 00N 0 ODISE 0 00381 0 o08es 0 0§08 0 0688 tr 170 U 442
[ ] PO 24 D N 0 s 0 00348 0 00TRE O 000 00T nT TN
a2 K8 looni o 00MKL. 0007 000368 00T 00N 00T 0K 080l
A 73 S 0002 DO T 000D 000360 0 wT24 T 00200 | O uTed | U I U 837
8 38 0O00N2 | OOMKZ ' N OONO O UNMO 0 00T28 DURI0  0OTAT . 084 0 A4
54 47 0002 D00 000N 0 003TE 0 0074 00k - a0 - 0 p L] 0 5%

CONFIDENTIALY, 251




L,

252 APPENDIX A
Angular i LIMINAL CONTRAST (FOOT-LAMBERTS)
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b Angular LIMINAL CONTRAST (FOuoT-LAMBERTS;
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GLOSSARY

AMFTAC. Arnuy Air Forees Tactical Air Centar.
AcuroMaTie Cotor. White, Rray, or black.

Ap Hee Cormnter. A fuet-finding committee whose exist-
ence terminated nutomatically after its report had been
made.

ApAPTATION. Process by which the eye achieves optimum
perceptual eapacity for a given set of lighiing conditions

AvartatioN Level. The brightness of a uniforne field of
view to which the eye attains a given stute of adupta-
tion,

ArrarENT ConxTRAST. The contrast of un objoct as it appeurs
to u distant observs ., =

ASDevLaxy.  Avrla somarine Development Detachment,
Aw Foree, UL o, Atiantie Fleot.

Avemace Renxctance. The reflectance of o uniform surface
) ~rpendicular to the line of mght at the target having a
contrunt againat the sky equal to the integrated contrast
of the target.

B. Atmosaphern athenmion coeflicsent. (Typieal unit: s
ciprocal meters.)

e vow Woinawe LVivguye tiwnnenbliaht ranuyiflaen foe aie
QLA AT IO oM. INAREINARNT fakmingt (or AU

emft desepibed in Chapter 7. (Origin of rode name: Arst
use] on P81, Bluek Widow nightfighters.)

Wowerren's ek, " The datance irom an obeeryver to the
horizgun, expresmsd in miles, equals the square root of 3 2
the height of the ohaerver's exve above the sea measured in

foer
[o-v/30)

(This rule ia huwmd wpuan Bgonocaetric agpposinations
whirh rendee its predictions inaecumste exeept for ol
values of H)

HeAkn. Burcau of Arronaulivs, U 3 Navy.

BeOw. wreaa of Dednanee, UV K. Navy

Brsuirs. Burcan of Shije, 1° 8. Navy.

Cumssatie (ol A colae other than wiate, gray, nr hlack.
Cunomaric Coxiasey Cnlor ronirast.

Comosatierry. Thow properties of 4 enlor descodaad by it
dommnant wavelengtn and punty .

Cotrtx Past Mat'e hlack pmint of rwceptionsily low dif-
fuse refiectance, developed umber Contret OF.Mar-897.
tOrgin of name: A subaditute for “colfin paper’” produced
criginally for coffin manufacturers but weed s an anti-
reflcction lining for highgrade optien] indvments}

Coror CoNTRAST. Departure in chromaticity of a taiget from
its buckground.

Contasen Siapow. A black avea within the vuliine of o
ship or plane produced by the shadow of soine overhang-
ing structure.

Contraer, The fractionn]l difference in bnghtaess between
un ohjeet and its buekground.

Covstew Smarxa. A method of camouflage  painting
wherehy the reflectanes i graded in » manner inversely
related to the lumination of the sueface. In general, dark
paint v ] on upper wrfaees and light paint i+ vsed on
under surfaces,

Criticar. Pouxt. The point of closest upproach along the
pah of fight of a bomber to s target 3t which the
bomburdier must be able to see the taget in order to drop
the bomb on it.

Davtrcat Visvat. Rance. That distance at which o large
dark objeet on the horison is just recognizable ugainst
the skv background.

Destwesmriearion A reduction in the apparent saze of on-
Jeets (Example: The «Teet of a teleseope looked through
i reverse direetion.)

Vesagusnien. Appamtus for teasuring the trausmittanee
or ‘density” of n photograplue film,

Deasiey (Paoveasarnie). A messore of the blackness of o
photographic Nnini. (Quatitalive deimition:  Jeaaity -
log,, | tmamuittance.)

Desstey (Patvsiea), Mass per unit volume. (Typieal vt .
kilugramm per cubic taeter.)

Doarvarion. Reduction o punty

Dervsy Reviaerion  Light reflected in all Jireelions (a0 by
a sheet of bloting paper),

Dostiv ant Wuktexatt tor o ("otom) The wnvelength of
that monochromatic hght which, when mived in proper
projportion. with white light. will mateh the chromatiaty
af the sample

FAC Equualint achromalic contrast.

e nive Ivprmast Coomme 7 The junetrat oot of a
M i langet uf the samie mze and thape as 8 given Aoo-
uniform target haying the sanie bustial target dhslanes.

Frraering Poosmcian Tawsr Aaky (5 Sects 2000

R e al At Coxmacr That bnghtaes con-
trast whirh produces the same acwity as a color contrast
free Seclion 33D,

Sartng Aunxt A matenal added to paint o order to
yeowddue & motts surflaee. {Eaamide: asbestone.}
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Foor-LaMpErT. A unit of brightness. One foet-lambert iy the
brightaess of n perfectly diffiming sucfaer emitting or re-
fleeting one huuen per square foot,

Lante 1 rneorns
SR TS

N Y T T IR T ; .
The mtic of W Guial coutrast of @ aok-

vitcular turger o the Jiminal contrast of u circular target
of equal area.

Guome. A homb.currying, remote~contro! glides,

GoxtornuroMmetek. A luboratory instrument for measiriy g
the reflectunce of materiais for any sugle of incidenee wod

obeervation.

Goxwornotomeraic Comve. A plot of the readings of a
woniophotemeter over a runge of anglew of incidence or
oberrvation.

Gaxioner periver. The reflecting propertios of o surface aa
defined by a goniophotometrie curve.

Gaay Seawe. A geaded series of geny pancls of known re-
fi=ctance.

Hazx Box. .\ viewing device eapable of simulating the
effect of atmompherie hage,

than Lavie. Photopie brightnrs level,

1.C1. Interantionnl Commission on Hiumination.

JuuesinarioN Rav Treim wenneiimes wed ns o synonym
fur mn-ratio.

Ixrmaase. [n this volome he teem “infraod” has been woed
to dedote that portion of (ae cheetromunetie spcetrum
having wavelengthe lungvr than viedbie liget. but shoet
raough to be detected by anfrnal Aero flm (700 10 980
millimirenne)

Teprnnny Covmarr. The roptrast of an abjest oy
woar %Y.

R

Ixmenny Ixvairee Coxrmat. Intrgrated vontrast of o
target vt dencby,

Ixnmnrxy Inveaxar Coxvewr. Intereal contmd of a target
as seen wemby,

Ixrmmatuy (oxrnaer. An syemar of the nicrosl contoets
of a miteraed tampet weighted 0 srvonlsmee with the
area of the paticen Howsals.

Ixvemn s e nmany. Conteast briwven patie of » patiormsd
Inrget

Insttnt sy Taor, A romsum et for roior ituinee

JOXA. Jourmal of the Optirnl daririy of . mctis.

laxsorr Rixe. A broken ting jaltern

Larsk Ratx The canalion of trmps rature with abitnde,

JUE. Gisle Yomb Pratt-Read - Glonb ).

LUT. Glude bosmb Tayloreraft {“Gloreb™).

Lomiron Fourmolornd 17 8 bomber (At 8 M Navy:
PBAY).

Limixan Coxtrast. Value of contrast for which the prol-
nhility of un vbaerver making u correet response is 39 per
cent greater thun chunce,

Lisiinai Tanues Divsaste, Thai distater ol which w target
s visunlly detectable with a probability 80 per et
grester than chaace.,

Low LeveL. Scoiopic brightness Jesel.

Memromotoutcar. Ranvar. That horizontal distance fer which
the trunsmitiance of the stmosphere in 2 per rent (re
Section 3228).

MicwostSantometen. Apparatus for messuring the density
of very small ureas of u photugraphie film.

Moxocnanmatic Licar. A narrow band from the visibie
spcctrum within which tiwe muge of waveleagih w0
small that the physical phenomena under consideration
show no significant wavelength dependence.

Moexnaid Pargs. Special colorvd papers sold by the Munsell
Color Compuny, Baltimore, Muryland, for use us color
atundanis,

Nososnarnice Crawys. (Syroaym: o lignment charts). Charts
in which the reintion beiween thiee o mare variables are
expreverst by n series of seales and lines 2o arranged that
an unknown vahie of one of the variables can be deler-
anid from known values of the others by catsbiwhing
onr or more stinight linee acrom the chart.

perieat Eguranisaie s, (See Seetion 231)
Orrweat, Raxt Rixae, (Hee Reetion 223)

hvieatty  Havewvenes  dvumsnione  An  atmaph o
wheerin 8. 2, aml ¢ have the mme valucs at all poats
wlong the line of serht.

Ontw as Pawe Pajpees the cudon of which were gqueeifted
i he Ostwah] color potation.

PEM. Patrol bomber Mariia.

POPR. Pasir o Defrose Progect, Work Projecta Aduinieire-
twm, Prajeet No. 2842,

Puovorie. Pertaining 1o the pwapeeties of (he buman eye
when mlapled 10 (oll daytime bvele of brightace.

Poary {or & Coton). A sewan of the pragasrtiom i ahich
white hght and monorhromatr hght of the dorioant
waic Wraglh must be pused i onder 1o sateh the civo.
swabi vy of Tom oot Qihsapiatie hes N o vty
*fonachromalic light i+ ronsidend 100 jee oenl e

Pranias Frray. Sl in the oqeriral sensifivty of the
human e ol sefuendd el of brghtnee. (e “Frm-
1, ro of Optere,” Hasdy amsl Provan. . 1472

0 Lumimous degoity (sev Sevtion 2327 (Typwal wmt:
Inmpueks fer colur meiee )

Rewv svsnrr Ratin of the light wilceted by an obye . 1o
the ticht imcndews upon ot




GLUSSAKY

259

Sxy-Gret xop Ratio. The ratio 00 the brightness of the aky
in partienlar direetions {xee Figure 17, Chapter 2) to the
brightness of the ground (see Section 234%).

Staxr Raxas. The dixtance f-om an nireraft to its farget
aloag a #l .ating path of sight.

SNEuLeN-tyPE. Ty picul test chart used by oculists,

Sotar Aunirvoe. The angular elevation ot the sun above the
horizon.

Sotax Depmpssion. The negative of solar altitude. After
sunvet, calues of solar depresdon ure puwitive, sinee solar
altitude assumes negative values.

Srevvnar Reepersvry, Reft i i of nionachiom

matic light.

Sererran Revcerion,
smooth surface

The nivror-ike reflection srom a

SrecTaocxourar. A pectrograph for aenal we in deter-
mining the reflectan.: of aatural termins and the optienl
pruge tties af - avnophere (see Chapter 8).

Srevewornerosctean.  Luborafory instruineat for measuring
the reflectance of matenals, wave kength by usve length,

Sror Tuwx. Jmaginary crvle of dxed duanter around
which lurgetz were prevented by projection during the &
yositing cxperiments at the Tiffany Fousds .

STANBAR® AT PHINE  (Nee Nectinn 232)

Sts-Ratio. The ratio of the iiliminstion an u veriicad anre
tface fueing the sun to the ilunnnution oa a vertical sur-
face facing nway from the sun.

Tamiet Poixt. The pont on a romographie visbility chart
which is determined by the eflcetive projectid targey area
aned the optieal <nat range from the tamget to the eritical
buind.

Trteenoromeris. A photometer for measuring the appareat
brightness of distsnt objects.

Toxk Dews. Camouflage accomplished by giving the tar-
gt o ddnrk ecolur,

Tane Duws Liste. The greatest value of meteorological
runge for wbiel a4 target can be coneenicd from an obser-

Tudgr ol
ver ut the fostien) point hy tone down meastires,

ToaNsMiasaudsien. An aprotaiue for mevsyring the traoe-
mittanee of th atrvisphen

Tuaxnsmirranex. Rutis of the light trunsmitted by an oh-
ject 1o the light incident upon it

Taorvxx A trouph rontainiog lampw.

Vanive. Trude name ior an auto-tracsformer having an nd-
Justahle valtage outpat.

“Visaary.” Nee Nection 228,

Yeutrs:, (‘ode tame fur we ‘n unclamfied correspondence
voarecing i camoniflagy of aiveralt by wmeans of heams
od light peageeind il the exves of the cemy,
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CONTRACT NUMBERS CONTRACTORS, AND SUBJECTS OF
CONTRACTS FOR SECTION 163

Contrart No.

Coniract.r

Subject

0T Msr-351

GEMasr-597

OEMasr-6y7

OEMoer-717

OEMasr-728

OEMer-1020

OFEMur-1070

OFMar-1459

BE.rvard University,
Cambridge, Massachusotts

Trustees of *he Louws Comiori
Tiflany Foundation, Ovster
Bay, Long Islana, New York

Interchemical Corporation,
New York, New York

Eastmar Kodak Company,
Rochester, New York

Americ.n Cyanamid Company,
30 Rockefciler Plasa,
New York. New York

Coinell Univenity,
Ithaca, New York

Eustmun Kodsk Cotmpany,
Rochester. New York

Pratt. Read & Company. Inec,
Deep River, Connecticut

. perform certain eatuouttage field studies. . . .

. stuldies and investigations in connection with the oxtraction of

chlorophyll from plant sources and its use as a pigment. . "

”»

. studiea and investiontions of characteristics of camonfluge paints,

dovelop noneriticul substitutes, improve and asimplify procedure
in field practice, and Jevelop and construct such special appara-
tus as may be requested by the Contructing Officer or nn author-
ized répresentative, for use in camoufluge field studies, . . "

. studies and experimental investizations in connection with the

design and conatruction of ar instrument and the development
of techniques for itx use in 1easuring the quuntity aad spectral
quelity of radiunt cnergy from natural daytime sources reaching
an aeroplane during flight. . . "

. studiex and experimental investigations in connrction with the

camouflnging of stationary or slowly moving hodirz of water by
thin surfuce films. ., "

. studies. experimental investigutions, and field tests in connevtion

with the uses of plants and plant material« in camouflage. . .

. comfuct a quantitative study of the effect on visibility of differ-

encea in chromaticity, . .

. atudies and experimental investigations in connection with the

dosign and installation on a Navy LBE sirert of apecinl camon-
finge equipment. ., "
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SERVICE PROJECT NUMBLRS

The prajects listed below were trunsmitted to the Office of the Executive
Scereta~y, OSRD, from the War or Navy Depzrtment through cither
the War Department Liaison Officer for NDRC or the Office of Research
and Inventions (formerly the Coordinator of Research and Develop-
ment), Navy Department.

Scrviee
Project Subject
Number
Arm 4 .”."n"'!':‘.’ 5
AC-45 Deveiopment of Equipieint for Rendering an Afreiadt Less Visible to un Observer on the
Surface of the Earth
CE-24 Fundamental Optics
CF-25 Paints and Pigmonts
CE-26 Color Transients
Navy Projects
NA-18R Y ehudi
N&.47 ship Camouflage
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The subject indexes of all STR velumes are combined in n master index printed in a scpurate volume. For ¢ ceess
to the index volume consult the Army or Navy Agcncy listed on the reverse of the half-iitle page,

Abzorption oi light by utmosphere, 20
Ad Hoe Committee on Camouflage,
NDRC, 34
Adlicsive, camouflage, 10-11
American Cyanamid Company, 9
Anti-searchlight  camouvflage  11-12,
242-248 i
Appureni brighiness
see Brightnesy, appuarent
Atmosphere, standard
defined, 29
density in miolecules per unit vol-
nme, 30-31
Atmospheric  attenuntion  coefficient,
20
Atmospheric baze
cffeet on meteoralogienl range, 138-
194
effeet on viability, 19-32
viiun in camoutlage engincering, 221
Atmoxpheric scattering, 6-8
Atmosphenie strvtification, 138-194
Attenuation coeffeient of light, at-
mospheric, 2

B-17 Flving Vortress, spectvograph in-
stallativn. 202
B-24 Libemtor bomber, camoullage
stardios
Blaek Waudow hnash, M43
coffin paint, 243
Yeauwdi camoufluge, 14, 337-250
Backgrounds other than horison sky,
32
contrust formuia, 128
nomographic visihility charts, 126
Blaek tuapets, visiadity ctudics, 22.26
Black Widow finish, 11-12, 242-250
application, 248-249
flight tests, 43, 247
formulation, 247-348
e i, o49-230
Brighiness, uj parent
uttepuntion  of  brghtoess  difer-
vaves, furinnle, 31
experiment:t studies, 33-28
of un ubjeet ut ennge r, formulns,
20-21t
of the earth, 3t
of the honaon, formuts, 20
optient  equilibrimn condition  for-
muls, 20
varintion along slant pache, 31-33
Rrightness contrast

see also Liminl brightness contrast

against  backgrounds  othes  than
horizon sky, 31-32

apparent  brightoess contrast  for-
mulng, 21-22, 7

attentntion with distance, 22

avernge reflecanee, 134

bien and white turg 8=, 22-28

definition, 134

elioet of subtense angle, 57

offcet of target shape, 33

effeet on liminad target distanee, 74

effcet oa visual wenity, 71-72

effective inherent contrast, 130, 131

inherent contrast formnlas, 2i-22, 74

inberent  integrated  contrast, 130,
131-125

lminal contrast of crreular turgets,
33-59, £51-235

mensuring instremeats, 131-135

nomegrphic churts, 78

vihue equivalent 1o enlor contrast,
61-64

varintion along a <lant path, for-
muly, 31-32

Camouflage

definition, 3

of Navy guided missiles, 241

of sew seareh niverft, 225-241

of shipx, 13-14

of water surfaces, 9
Canouflage, Ad Hoc Commiittee on,

3H4

Cumouflage wdhesive, 10-11
Camouflage  counteriesres

bifucal goggles, 9

enmotifinge detection, 12

to Yehuoi camorddlage, 2348 20
Camontluge engineering

hisie reguirement.., 216-221

choiee of materinls, 221

peaetime applieations, 33

typel problem, 217-221
Cimontlge esiies

hiwhines contenst, 231

color contrust, 221

paints, 4, 912, 213, 212 %0

self-henting, selfesprendion fiims, 9

tone=duwn, 270

YVehudi principle, 225-24!
Casior®ua, ainte, 012

Hhek Wilow finish, 1i-12 212-280

‘c-h.'nnllxl}\'!:"wn!, hv

cofin paint, 11, 242
enuilsifinble puints, 1L
folinge-<imuinting pigments, 10
glossy black, 11-12, 242-250
high-reflestance white paint, 11
infrured-bright green paints, 4
matte surfoce paints, 1011, 242
buint concentrates, 10
scuplifiention of palette, 9
tempernture-sensitive pigments, 10
texture-simulating, 213
Camouflage seetion, NDRC, 4
“C'eilings ' represented on optical slant
muge diagrams, 138
Chlorophy!t ;amt, 4, 10
Chromatie ubermation of the eye, ef
feet on visunl acuity, 62-84
Clway high reflectance white paint, 11
“Coftin puint”, 11, 242
Colur voniiast
ax camontinge measure, 221
enrly investigatiuu, 58-61
effect on lauinnl target distanes, 131
effect on visun! nenity, 71-72
vquivalent achromatic contrast, 61-
64, 83 66
measuring apparatus, $6-70
obrervers, T1
Culor of underwater terrain, & 210
Color transients in ddesert terenin, 8-4
Cotored lights, recognition threshold,
13
Contrust, brightness
sec Brightness contrast
Contrast, color
are Color vontrast
Cantrast, combiiied celn aad et
ness, 84-66
effect on aenity fartabe 20y
tormula, 68
nowmngtapdne chart, 221
Contrast phintineter for ikt use, 134
Counterie, e canoufiage
biefuenl gogrles, 12
cutpenilage detection, 12
e ekl caheanagt, e, M0

Pavhght visenl ranee
dedinul, o8 27

W tid Vatesoeads, B 3
N

moterne of meleoralngi .l rven
Ul

o Densitoeter, photociestre, 208-207
. L]
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Density of standard atmosphere. 36-31
in, Coloi Uaumizais, Y
Dichroic filters for samoufnge dc-
tection, 12
Diffraction of light around target, no-
c .fusion cifect, 26
Diffuse reflectance, eamouflage paints
Black Widow finish, 243, 247
voffin paint, 242

Do zmmd b
AITATU L

Bastmwn Kodak Conipany, 59-72
raige offect, poncxistent, 26
Elecirieal Testing faborziories, 50
Faaulstfable puints, 10
Equilibrium  optica!
won a slent path, 51
nlong horizontal paths, 20
extent, 20
formula, 20
Equivalent achromatic contrast, 61-64
vonstaney with idaption level 6568

Films, self-vpreading, for water cam-
ouflage, 9
Filters, dichroie, ior camouflage de-
tection, 13
Filters for color temperature correcs
tion, 234
Folinge-ximulating pigments, 10
Form furtor of targets, 89
Formulan :
apparent and inherent contrast, 21-
n, 31-1
appurent brightness, 20-31 31
atmospheric attenuition cocfficient,
b ]
uttenwation  of  hrightness  differ-
ences, 31
contiust formula, backgro nds other
thun horizon sky, 128
daylight visual range, directional
vanations, 37-28
offeetie projected target ares, 1V
equivalent weiroiiatic contrust, 68
horizon brightnew, 3¢
lluminution from o point source,
128
Catdian d conteast, 131-134
optical equilibrium condition, 20
opticil slunt range, 30-3!
power requireten.s, Yehudi came
onflage weniem, 233
trunsmittanes, 21
viribalty along slant pntha, 20-31

tilnre, effect un color eonteet, 2

Glombs, Vehudi cumouflage for, 18,
b1}

Gloss churneterwtion of patural ter-
rain, 213-218

Glossy bluck camouflage paint, 242-
v

Gonivphotometry, 5, 214-215

Gray scale for reflectance compuri-
son, 209

Ground glass plate effect, nonevis-
tent, 28

Ground hasge, offect on meteorological
range, 13%, 144

Handbook of -isibility, propose:, 136
1laze, sntmospheric
effeet on meteorological range, 138-
%
offeet on visihility, 19-32
vulie 1n camouflage engineering, 220
lasge hoaes, 6
Haorizon brightpose formau!
Horizon-scanning photometer, 27
Horizontal path, visibility along, 19-
28

Hiwinination grrangements
CCior contrast siudies, 66
liminal contrast ~tudies, 38
hmage  stabilization  with  rotating
gluss block, 198
Indicators for lilninal contrast studies,
43-45
Infrared reflectometer, 4
Infrared spectrophotometer, 4
Infrured-hright greca paints, 4

. Inherent contenst, 21-22, 74

Inhereat contrast, effective, 130-131
Inhereut inlegrated contrast, 130-13%
In-trumenty, field
vontrast photometer, 134
phutoeleetric transmiwometer, 218
npectrogeogeaph, 5, 104-213
lasteumonte, laboratory
uitoimtic reconding goniophe tom-
oter, §, 314
huse boxes, 6
horison-scanning  pholometer, 37-28
mhared reflectometer, 4
infrared spectrophotometer, §
Luekiesh-Tuylor  brightnes  mnter,
131
“rwbeth illuminometer, 23, 80
Muxwellian view type photometer,
13
photoestl vha o = 80
photorteeteic deny fameter, X8 207
photoclectrie transmivomeiep, 2]
Integrating contemst photometer, 131-
1
Intreheinwal Corpoal s Research
Laborutaiy, 4 o0 add

Jandolt ring test patterns fur color
contrast sbiduw, 81, U1, &

LBE~1 Glomb, Ychudi camouvfage
tor, id, dii
1L.BT-1 Giomb, Yehudi camouflage
for, 241
Lighting arrangements
rolor contrast studies, 66
liminul contrast studies 28
Liminal brightness contrus,
effect of shape, 58-60
in relation to sighting vunge, 94
nomogrup'ic charts, 78
Liminal brightness contrust, circular
turgets
upparatus, 3545 50-52
bright iargets SA-37
computation of ~ontras~., 53
dark targets, 57

offnt of 1

o anhtonded by
barely vixible circulsr object,
58, 59. 251-285
cighteposition obwervation method,
33
low-level brightness measurements,
51-52
nomographic charts, 78
ohservers, 4549
photometric procedure, 30-53
single-position ohservation methe
ods, 34, 57
Liminal target distance
computation, 74-76
effeet of aumospherie hage, 218
effect of color, 131
in relation to nighting probability,
]
nuaal tamgets o elear and fop
weather, 130
nomogenphic vikibilite charts, 78
131
nou-uniforms turgets, 138-:31
Lookout procedure, 73
Low-level brightness mrusurements
photometric method, 81
peychometric wethud, 52
Luminous density in aunlight, varnia
tion with nltitude, 29

Muchuth iHosminometor, 28, 80
Mallo bluck, 243
Mutte bluck camuouflage puint, 242
Maxwellinn view photometer. 181
Meteorologi: ul range
wiined, 8N
offect of atmoaphere mtifention,
138-104
effeet on liminal tome o dictipes,
470
mensurement, 218
nomographic chntts, lininal target
distaiey, 76131
Micrudenaitometer, 23, 2%6-207
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Model studies
avernge reflectanee  measurements,
134
Bluck Widow finish, 242
integrated  contrast  measurements,
131-134
ship camouflage, 13
Yehudi camouflage system, 227-230
Munsell colored papers for color con-
trast studies, 67, 69

National Bureau of Standards trans-
miwsometer, 21, 218
Natna! terrain
color of oceun shoals, 8
color transients in desert terrain,
8-9
gloss characteristics, 213-314
nets for simuluting vough texture,

213

simuluted by matte surfuce paint,
10

apeetral relectnnee  nensurements,
194 -218

texture studies, 213-218
Nuval targnts, visibility
vircuinr  targets, visibility  charis,
78-94
effeet of color contraat, 131
in dear wenther, 130
in fogry weather, 136
reclunguler targets, vis'hility charts,
04 125
under operationul condivions, 137
Nety for simulating natunl terrain,
13
Night fighters cumoufluge | waith, Bla<k
Widow finivh, 243
Nomographic vishility churts
apparent brightndes contmst, I8
application to  typical camonfluge
protiluin, 218
backgrounds  other
&y, 128
comhingdl color und brightnesa cone
tret, Nt
vorrection fur mugnifying power of
hinocular, 128
currection for uneertain wduptution.
128
for nerinl use, 144=-194
for signal lights, 128
liminal contrust, 78
Bl tameed distanee, 76130
nnvel cirenlee targels, 78 0t
uaval rectaagulne tureets, 04-'28
optical wlant range, 144104
weojeeted tamget neew, 144
vimibility from airernf?  135-103
Obervation room
wnut cootrast studies, 68

than  horicon

LU,

liminni contrast studies, 35-36
Ocean shouls. color, 8, 210
Optien! equilibrivm

aluig o slant path, 31

along horizontal paths, £0

extent, 20

formula, 20
Optical slant range, 10, 128, 217

diagrams, 138-144

formula, 35
Orientation spots,

stadivs, 42-43
Ostwuld colored papers for coler con-
trust studics, GO

liminal  contrast

P-81 wght fighter camoufluged with
Hlack Widow finish, 243
Paints, camoufluge
s Camouflege paints
Passive Defense Project, 4-8
PBM fiying boat, Yehudi en-vouflage,
239
Peccotime  applications,
eugiteering, 23t
Pereeption  without
)
Perceptanl  capacity o human  ob-
RIPVORS
limina! conten® ». . ties, 33-73
limin' | target distunee studies, 74-
13t
Photceleetric densitometer, 206-207
Photacketele tronanio <mieto, 21, 218
Fhotometer
u=¢  photoeleetrn  telephotometer,
20 :
determunation of sesolving  power
of the ayr 128
horison seanning photometer, 37-
]
integrating
131-434
liminal rontrst studien, 8083
Muxwellian view photumeter, 11
photocell photoister, 80

camoufluge

wwareness, 13-

contrmst  photometer,

Phutovelt  electrome  photometer,
3
Phyriologienl  {nctors, visibility of

fargets, B 9D
Point sy
CHlumination formmibn, 126
wincimum angular sice, 128
Projected target men
et of atwwosphe viv aten’ Seation,
144
notnogenthie eharte, W4
Progeeted tapet aeea, offective, 217
Projection  equipaent. Thndaal  con-
trual sivdicns, 46-12
Paveliumetrie procedwe, color  rone
trust studies, 68

CONFIDENTIAL

ot

Prvehometiic procedure, liminal con-
trast studies. 53-36
Juea analyeis, 55-56
low-level brightness  measurcieent,
52
target presentation, 34-55
test pattern presentation, 87-71
visibilily eriterion, 53-54
Purkinje lumiaosity curve shift. 61, 66

Runge, duylight visual
defined, 26-27
divechiona! variations, formtlas, 27-
28
in torms of meteorologicn] range,
218
Range. weteorologicul
defined, 26-27

cffcet  of atmospheric  seattering.
138-104

effeet on liminul  target  distance,
476

mensweinent, 218
nomogeaphic chorts, liminal target
distuner, 76-131
Range. optieal slunt, 30, 138, 317
Range of 'irget
vl target distanee
Recogmition  threshold  of
light, 12
Recommendutions for future research
uminusity, 29
visihitity of naval tamgets n foggs
weather, 130
Recording sppamius
volor contrast stwdics, 70
goniophotometer, §
Himinal conteast stilies, 43-47
photoelectric photometer, 131-134
Reflectanee,  devendence  un angle.
214218
Reflectanee of camonflage painte
Bk Witow finish, 24%
eaffia puini, M43
Reflectinee of natural tereaine, 8
gray semie for peflochines votnpatis
rsan, 209
measurements. 194218
Brafepaniar Sepe e VA
Reflectomntor, infrand, 4
Resslving power of tae ¢ve, 235238
Rhoco hlack, 393

o L

volored

Scuttering, atmospherie, U8
atteauntion cuustanl, 30

Servening  of  tueets,  nimosplone,
19-32

Nhadows dimmlated wih black paint,
i

Shagn f e
cisalar largels, T8-04
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cffect on liminal brightness con-
trusi, 58-59
ragy oular targets, 94-128
7w eevaouflage, i3-14
Jwehting cage, dffect of liminal turget
distance. 04
Signal lights
nomographic visibility charts, 128
point source illumination formula,

EY)
Sk eround -atio, 317
formula, 33
Slant downward path, visibility along,
-3 .
Slant range, optical, 30, 217
Spectral reflectivity of natural ter-
rains, 8, 104210
Spectrogeograph, 5, 194-213
adapted for goniophotometric meas-
uremenis, 314
calibratiou and use, 304
identification of taurget, 197
identifieation photographs, 200
image stabilisation, 107-108
installation, 208
chlique terrestrisl mirror aystem,
203
optical system, 198
periscope and sky mirror system,
203
night inechanisn, 308
spectrograph, 108

' Spectrophotoracter, infrared, ¢

Spectenphatometee for acrial use
sre Spectrugeccraph
Stabilisation of wge with mta. .
glam hiork, 197
Standard atiwnhere

defined, 39
deanity in moleculs per unit
ume, 3031
Sftandard lamre for liminal conind.
studiev, 30

Btandard tewt surfuce, limimal cun-
truet studien, 50-8%
Raiesd ruwiord ofinet, photometer see
curacy, 131
Steutifient vn of the alwuspie
oifect on metenrological maoge, 138-
184
optieal atandard simusphere, defi-
pitive, N
Btrip-camrra, di dvaniages for acrial
photomuiry, 108

U

w

Subfense angle
effect of brightness contrast, 59
formula, 74

Target preseatation, liminal contrust
studies, 54-55
Target visibility
see Visibility of targats
Target visibilny charts, circular tar-
gels, TR-94
Turget visibility charts, rectangular
targets, 84-135
TBF torpedo homber, Yehudi camou-
flage, 14, 230
Telephotometem, 35
Temperature-sensitive pigments, 10
Threshoid confidence in sigoting tar-
gets, 84
Tiffany Foundation
camoutinge ot s n search airciaft,
75-241
laboratory for camouflage  lield
stwdies, 12-12
wreening of targets by atmosphere,
2-8
viibility of turgets, 33-73
Tone~down camouflage measure, 220-

21
Trsmiwion of light throuyh atimos-
phere
tmospheric  attenuation constan',
0

experimenial tudics, 43

tnale Wamee form s, JC-21

lruvmpsoine Lo, photoddotrie 38,
Fil ]

‘weles wi ter terrails

wiot of ocenn shouls, ¥

o' varistion with water-depth.
0o

retiectan = studies, 310

Ui hility  coterion, liminal contrst
Pinlicn 8384
Visihilite of targets, 19-32
alomg  hovigunial jath, 10-28
antat o slant downwwid path, 19-32
apporent ot inherent  brightnes
rontraet  tartmi.e, 33-32
apjatent hewiitne o atmule, 31
stmospheris  attenwaidon constant,
F
Llac) tamgets 23-M

LASSIFIED

comjutativa of tunine, torget dise
tance, 74-131

daylight vimal ronge, 27-28

dependence on contrast, 71-72

effect of cotor, 131

effeet of haze, 18-32. 218

effeet of non-uniforniity of tuiget,
128

effect of alupe, 84-126

experitnent.. studies, 23-2C

fron. aireruft, 138-193

influence of color contrust, 58-72

naval civcular 1argets, 78-84

nuval rectangular targets, 84-125

naval targets in ciear and Jokry
weathee, 130

of ~ignal lights, 128

nomographic visibility charts, 76-
131

opticai slant range formuia, 30-31

physiological factors, 33-73

white turgets, 23-26

Visuul acuity, dependence on con-

trast, 71-73

Wake camouflage, i3-14

Water surface camounfiage, 9

White tmgets, vieibility studies, 33-36
Wiblack, 243

Yehudi  camouflage  wyntem, 1497,

218-241 .

alignment of Lanpe, 2337

rohin careretion, TW

detioatration of Yehudi priseiple,

offiot of rum winds, 258

effect ol pmnt rolor on power re-
quirements, 298

for B-23 Liberator homber, 14 297
20

for LRE-1 Clomh, 18, M)

for LRT-1 Glomb, M1,

for PEM flvuig hoat, 389

for TRY 1onwidn bamber, 330

homing roume fur Yehwli crquipped
.-l«w. ™

Inmp apaving, 229, 232, 133

modet stindies, 227-230

phateeleetee mleopaity e, $87.
"

wrer conun.gition, T8

praction! power replirennnts, &8

theoretical power - uiroticuts, Sl
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Subtense angl:
effect of brightness contrast, 59
formmula, "4

‘Target preseatation, liminal contrast
studies, 54-88
Target visibility
see Visibility of turgots
Target visibiity charts, circular tar-
gols, TR-94
Target visibility charts, rectangular
targets, 84-1328
TBF torpedo homber, Yehudi camou-
flage, 14, 239
Telephotometem, 38
Temperaturc-sensitive pigments, 10
Threshoid confidence in sighting tar-
gels, 94
Tifflany Foundation
cumoutiage of ~ 1 search wireiaft,
225-241
laboratory  for
studien, 12-13
wmreening of targets hy atmosphere,
12
viibility of targets, 33-73
Tounedown camouflage teusure, 220-

mmonflagr  Held

21
Trusmision of light through atmos-
phere
tospheric  atienuation conelan:,
0

exwerimenal otudics, 43

ttagtss thiamee formnte 2021

inuunveoin s, phutook strie. 30,
bl

tele wi ter bermaitg

wiot +{ orean shoals, §

et variation with watersdepth.
M0

reticetan > studies, 310

Ve hility  eorterion. liminal contrasl
s §3-84
Vasihititn o] tangs Ba, 18-d2
ahmy  hewizunial jpath, 1998

andtd o olatit dowhuain jath, 33
sppnt i mivt inherent brightncw
ronitaet  tormui.e, 3182
spaient brwhtar o fotaule, 33
atranepher it
.
Ulack taigrts, ¥2-M

ritrbuaiue  ~oustant,

computativa of limin., terget dise
taace, 74-131

davlight visual range, 27-28
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